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Think About It 


"It is better to know some of the 
questions than all of the answers." 


James Thurber. 


Cover 


A 1952 Jacobs 2kW. Wind 
Generator. Built to last, thousands 
of these 32 VDC units have been 
used since the 1930s. 


Photo by Windy Dankoff 
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From Us to YOU 


Welcome to Home Power #14 selling price of a single issue will be $2 starting 
April 1990. 


The big news here is that Home Power Magazine 


is finally going to charge a yearly subscription. We ROPE glia TOWEL I19e as ene as poss bies 


We feel that $6 a year (that's a buck a copy 
delivered) is a fair price for the information and 
access supplied within Home Power's pages. 
We hope that you feel the same way and that 
you will subscribe. 


Our circulation has grown too large for HP to be 
totally supported by advertising. We will charge $6 
a year for Home Power starting with issue number 
16. This issue (#14) and the next (#15) will still be 
mailed out free. Starting with issue 16 (April/May 
1990), it will cost $6 for a yearly subscription of 6 Thanks, 


issues via Srd class U.S. mail. the Home Power Crew 


Home Power will also be available as single copies 
on newsstands and at magazine distributors. The 


Creations Endless Birth 


Daniel K. Statnekov 


Beside a brook, clear cold and fast 
A flower unseen grew 
In shaded light that filled its days 


Mid sparkling morning dew 


And then it bloomed pale lavender 
Beneath the forest wood 

Amidst soft ferns and bramble vines 
Warm earth encircled roots 


Its faint perfume rose to the breeze 
Without a care for who 

Might see enjoy appreciate 

Its subtle fragrant hue 


And then without remorse or plea 
Each petal fell to earth 

Released from form, its purpose served 
Creations endless birth 


©1983 Daniel K. Statnekov 
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Getting Ready For Winter 


Windy Dankoff 


ndependent power system users and dealers should check their renewable energy systems before 
Winter sets in. After all, it's easier to do it now- before everything is froze up, iced over and buried in 


snow. 


Photovoltaic Array 
Inspect and tighten mounting bolts and wiring, test output, and tilt 
for winter angle. Pay attention to mechanical connections in the 
panel's wiring boxes. 


Trackers 
Oil bearings, check mounting bolts and shock absorbers. 


Engine Generators 

Give the engine an oil change, replace the air and fuel filters. Low 
temperatures cause water condensation in the fuel tank. A good 
water trap & sediment filter is cheap insurance for a gas engine and 
required on a diesel engine. Check the ignition system and the 
spark plugs. If the engine uses electric starting, check its battery 
and clean its connections. 


Wind Generators 
Make sure that the tower's guys are solidly connected and properly 
tensioned. Check the propeller, bearings, brushes and slip rings in 
the wind generator. It's much easier to replace them before the 
tower is iced over. 


Hydro-Electric 

Check the trash racks for damage. Winter rains bring debris 
downstream, so be prepared. Check the thermal insulation on 
water lines to prevent freeze-ups. Check the brushes and bearings 
in the Hydro's electrical alternator or generator. 


Charge Controller 

Check regulator voltage settings, check voltmeter accuracy with 
digital meter. If your controller doesn't automatically compensate for 
temperature, then you can set it a few tenths of a volt higher to 
compensate for cold lead-acid batteries. 


Lead-Acid Batteries 

Test each cell of each battery with a digital voltmeter or very clean 
hydrometer to spot potential failures and check the need for 
equalization. If the cells in your pack differ by 0.05 Volts or more, 
then equalize! Wash away accumulated moisture and dust from 
battery tops, use baking soda solution to neutralize acid deposits. 
WARNING, do not allow any of the baking soda solution to enter the 
cells. Clean or replace corroded terminals; coat with petroleum 
jelly. Check water levels and refill with distilled or deionized water. 
Inspect venting (check for insect nests in vent pipes). Check 
insulation/shelter from cold. 

Wiring 

Check for proper wire sizing, tight connections, fusing, safety. 
Grounding and Lightning Protection 

Install/inspect ground rods and connections, ground wiring (see 
HP#6). 

Loads/Appliances 

Check for "phantom loads" and inefficient usages. Example: Does 
your furnace thermostat hold your inverter on 24 hours a day? 
Lights 

Look for blackening incandescent bulbs; consider Quartz-Halogen 
or Fluorescent replacements (see HP#9). Winter days increase the 
use of all lights. Now is the most cost effective time to install 
efficient lighting. 


Inverters 

Check adjustments, settings, connections. Inverters with Battery 
Charger Option should have the charge voltage set around 14.5 (or 
29) volts if a generator is to be used for charging. Most come set 
lower, assuming utility-line charging at a slower rate. See your 
manual. 


Water Supply 

Check freeze-protection, pump maintenance, and pressure tank 
pre-charge. 

Freeze Protection And Heat Tapes 

Electric heat tapes are a popular way to prevent water pipes from 
freezing under mobile homes, on solar water heaters, and in well 
sheds. Where heat tapes are a necessary evil, here are some tips 
to MINIMIZE THEIR ENERGY USAGE: 


Insulate 
Use foam pipe jacketing, fiberglass, ANYTHING that insulates and 
PLENTY OF IT! Be sure cold air and moisture are sealed out. 


Less Is Best 

Use less heat tape than recommended, with fewer, wider spaced 
coils. With extra insulation you won't need much heat. 

Frostex And Line Voltage Thermostats 

Use "Frostex" round heat tape, it is the most efficient. Add a line 
voltage thermostat to disconnect it in warm weather. (A Line 
Voltage Thermostat is one that is designed to handle power directly 
from 120 vac. A recommended one is Dayton #2E158, available 
from W.W. Grainger or from any electric or heating supplier. Like 
most other switches, it will also handle its rated amperage (22A) at 
12 or 24 VDC. Its 35-90 degree range makes it appropriate for use 
with heat tapes and furnaces, and coolers and fans as well. The 
Dayton 2E158 allows switching power on OR off with temperature 
rise, so it also works for switching FANS on at high temp for 
circulation of solar or wood heat. If you use a conventional flat 
tape, be sure it has a thermostat on it. The thermostat may be 
tucked into the insulation closer to the pipe so it won't turn on until 
cold penetrates into the insulation. 

ac or DC? 

A 100 watt Statpower or any good inverter will power heat tapes, or 
you can convert heat tapes to 12 or 24 volts! 

ac to DC - Here's How 

If you're not afraid to cut and splice, here's how to make a low 
voltage heat tape. 1) Buy a conventional FLAT heat tape with 
thermostat. 2) For 12V, measure 1/10 of its length from the 
thermostat end and CUT. For 24V, use 1/5 of its length. 3) Strip 
the cut end and twist the two inner wires together. Protect the end 
with silicone sealant and/or tape. 


You now have a low voltage tape with thermostat. It will draw the 
same wattage per foot as the original. The neon indicator light 
won't work, but an ammeter will indicate current flow. The 
remaining tape may be cut into more low voltage tapes by splicing 
lamp cord to one end, and tying the other end together (using crimp 
connectors). You will need to add a thermostat if desired. One 
Line Voltage Thermostat can switch many tapes on and off. 
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Backing Up 

Install heat tapes even where you don't expect a freeze. They make 
it easy to thaw surprise freezes without digging, ripping out 
insulation, etc. Thermostats are optional on these "back-up" tapes. 


Furnaces and Controls - Thermostat Circuits & Power Usage 
Most central heating systems use a low voltage circuit through a 
wall-mounted thermostat to tell the furnace when to turn on and off. 
The low voltage is derived from a small transformer which is 
powered constantly. Its usage is only a watt or two, but in an 
alternative energy system that may be a significant load -- if it is the 
only ac device that's running, it is adding a constant 6 to 12 watt 
draw just to keep the inverter "up". That amounts to the wintertime 
energy output of two 50 watt PV modules, costing over $300 each! 


The Answer 

If yours is a system where the inverter spends most of its time off, it 
is worth adding a Line Voltage Thermostat to your furnace circuit. 
You may order one from a heating supplier and have it installed ON 
THE ac LINE to the furnace controls. Also bypass the original 
thermostat. This way when heat is not needed, all power is cut to 
the furnace transformer. A small "limit switch" thermostat may be 
also added to sense heat in the furnace and keep the blower on 
until "left-over" heat is exhausted. Material cost of these 
modifications is under $30 and the wiring is simple. 


Temperature Adjustment 

When nobody's home, you only need to prevent your home from 
freezing, so water pipes, fixtures and bottles won't freeze. Most 
heating thermostats stop at 50°F, but fuel may be saved if the 
temperature can be lowered to 40°F or less. Electric power is 
saved, too. 


Windy Dankoff, Flowlight Solar Power, POB 548, Santa Cruz, NM 
87567 * 505-753-9699 


FLOWLIG 


vista ¢ "So 2 owe 
dct | HF ARP 


PHOTOVOLTAIC & WATER PUMPING SPECIALISTS / MANUFACTURERS 
PO BOX 548 SANTA CRUZ, NM 87567 ~—s (503) 753-9699 


SOLAR ELECTRIC (PHOTOVOLTAIC) STARTER KITS 


I. BASIC DC KIT: $595 (UPS-PAID) 


INCLUDES: 56 Watt SOLAREX MEGA-PANEL, Sun Selector M-8 
Charge Controller and Low Volt Disconnect, Voltmeter, Electrical 
Enclosure Box, 3-outlet 12V DC Socket, 12V Plug Adapter, 15 Amp In- 
Line Fuse, NICAD Battery Charger for AA, C or D-sized batteries, 60 
Watt-equivalent, Thin-Lite Fluorescent Fixture, 40 Watt-equivalent 
Quartz-Halogen screw-in bulb, EASY Step-by-Step Instructions and our 
Flowlight Handbook & Catalog. (12V DEEP-CYCLE BATTERY 
REQUIRED -- PURCHASE LOCALLY) 

CAPABILITIES: Will run lights, re-charge NICAD batteries, and operate 
AC/DC television, 2-way radio, pressure pump and other 12VDC 
appliances. This kit is PRACTICAL and EDUCATIONAL. It is also 
EXPANDABLE to meet your future needs. 


ll. AC/DC KIT: $740 (UPS-PAID) 


INCLUDES: Everything in BASIC DC KIT plus 100 watt STATPOWER 
INVERTER. 

CAPABILITIES: Same as BASIC DC KIT and also 

operates 120 Volt ac appliances of 100 watts or less 

such as TV, VCR, computer, stereo, shaver, sewing 

machine, etc. 


«CUSTOM KITS AVAILABLE: 


Send For Our Complete Home Power 
System Handbook & Catalog--$6 


ine 
SOLAREX 
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A sample of Emergency Power System equipment. Pictured are a Sovonics Thin-film photovoltaic panel, a Ovonics 
nickel-hydride battery, a nickel-cadmium battery, a lead-acid gell cell battery, a Statpower 100 watt inverter, and a PowerStar 
200 watt inverter. The 40 watt lightbulb in the photo is powered by the Ovonics battery and Statpower inverter. Photo by Brian Green 


Emergency MicroPower Systems 


Richard Perez 


arthquakes, hurricanes & tornadoes happen. And when they happen big-time, the power goes out. 
And when the power goes out so do lights and radios/TVs. When Nature goes nuts, an emergency 


micropower system (EMPS) 


provides electricity for 


essential services like lighting & 


communications. It can make the difference between sitting in the dark and wondering what will become 
of us, to sitting under a light and listening to what is actually happening. 


Why me? 

An often heard phrase in disasters is, "Why me?". The recent San 
Francisco earthquake left many people without power for days. 
Some of the folks surviving the recent hurricane in South Carolina 
are still without electricity. The earthquake edition (published on 
generators) of the San Francisco Chronicle mentioned our humble 
publication, Home Power, and suddenly we were overrun by folks in 
the Bay Area wanting information on site-produced electricity. 
While | have no answer for "Why me?", | do offer information that 
will allow you to contemplate this question in the light while listening 
to the latest disaster news on the radio or TV. 

The time to get an emergency micropower system (EMPS) is now, 
before you need it. As you may have noticed, Post Office and UPS 
deliveries are slow in the middle of natural disasters... 


The EMPS 

An emergency micropower system is designed to supply essential 
services. We are not talking about running the freezer or the 27" 
color TV here, we are talking powering up a small light and a 
radio/TV receiver indefinitely. Emergency power systems come in 
all sizes to meet all needs. The one we are suggesting here is 
designed from a minimalist approach. It is small (fits within a 
4"X12"X16" box), light in weight (less than 10 pounds) and totally 
powered by sunlight. 

The EMPS consists of three basic components. One, the PV panel 
which converts sunlight directly into electricity. Two, the battery 
which stores the electricity. And three, the appliance. A diagram of 
the system is shown on the next page. 
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Photovoltaic Panel 
makes the power 


Battery 
stores the power 


oa 
_/\ 


A pictorial schematic of an Emergency MicroPower System. 


Appliances 
use the power 


The PV Panel 


The photovoltaic (PV) panel sources the energy for this system. It 
doesn't matter if the electrical grid has failed, all we need to do is to 
place the PV panel in the sunshine. The PV panel used in the 
EMPS should be portable, making it easy to move around to catch 
the sun. 


The Sovonics flexible PV panels are ideal for this purpose since 
they are small and light in weight. The panel we used as an 
example is a SunPal Model 105 that is 13.5 inches by 9.9 inches 
and 3/8 of an inch thick when folded and weighs only 2 pounds. It 
produces 0.35 Amperes at 15 VDC under full sunlight. Now, this is 
not a lot of power, but it is enough to source a small light and radio 
indefinitely. Larger Sovonics flexible modules are available should 
your EMPS plans include higher powered appliances. 

The Battery 


The type and capacity battery depends on the amount of electricity 
you wish to consume and the length of time you wish to run without 
recharging. In the photo we have shown three types of 12 Volt 
batteries- a lead acid gel cell, the new Ovonics nickel-hydride 
battery and a nickel-cadmium battery pack. Twelve volts DC is the 
best choice of system voltage for EMPSs because all the gear will 
interface directly with automotive and portable equipment. 


The Lead-Acid Gel Cells 


The major advantage to the gel cells is capacity. The one pictured 
in the photo stores 6.5 Ampere-hours at 12 VDC. This gel cell 
battery (a Panasonic #LCR12V6.5P) weighs 4.85 pounds. Gel cells 
are available from 1 to over 40 Ampere-hours. They are totally 
portable and sealed. They will run just fine upside down (don't try 
this with your car battery). 


The Ovonics Nickel Hydride Cells 


This is a new battery technology developed by the innovative folks 
at Sovonics. It is a variation of the nickel-cadmium cell that uses no 
toxic cadmium. These cells also have about 75% greater electrical 
capacity than the same sized nicad cell and NONE of the memory 
effect associated with the small nicads. This pack was composed of 
ten nickel hydride "C" sized cells in series. The pack shown in the 
photo stores 3.4 Ampere-hours at a nominal 12 VDC. The battery 
pack is 1.5 inches by 3.25 inches by 6.5 inches and weighs 2.5 
pounds. This pack comes in a plastic box with a female auto cigar 
lighter receptacle. 


Nickel-Cadmium Cells 


The nicad battery pack shown in the photo is a shrink wrapped 
collection of 10 @ series connected "D" sized nicads. The electrical 
capacity is 4 Ampere-hours at 12 VDC. This pack weighs about 3.5 
pounds. 


Lighting, Radios and TVs 


The effectiveness of your EMPS will greatly depend on the 
appliances you use. The design criteria here are essential 
services- a small light and radio/TV receiver. The smallest system 
uses the Ovonic 3.4 Ampere-hour battery sourced by the small 5 
Watt Sovonics flexible PV panel. This system will supply enough 
power to run a car dash lightbulb (about 0.22 Amperes 
consumption) and a transistor radio (about 0.10 Amperes 
consumption) virtually indefinitely. Choose the light for your EMPS 
carefully. Power consumption should be low, on the order of 3 
Watts or less. The same goes for the communications 
device-either radio or TV. Efficient 12 Volt communications gear is 
commonly available. For example, here on Agate Flat we use a 
Panasonic 5 inch, B&W TV that uses 12 VDC directly and 
consumes only 4 Watts (=0.3 Amperes at 12 VDC). If you choose 
your light and comm gear carefully, then this system will power 
everything as long as you keep the PV panel in the sunshine. 


To Invert or not to Invert? 


If your EMPS plans include 120 vac appliances, then include a 
micropower inverter to convert the battery stored 12 VDC into 120 
vac. Shown in the photo is the Statpower 100 Watt inverter and 
the PowerStar 200 Watt inverter. Both work well on small batteries 
and will provide 120 vac wherever necessary. We've powered all 
sorts of 120 vac appliances form these microinverters. Don't let 
their paperback book size fool you, these units will power 120 vac 
lights, computers, printers, tools, radios, VCRs, and other 
emergency essentials like the coffee grinder. 

Using the EMPS 

All the EMPS gear can be stored in a small box in a closet, ready 
for when it's needed. The battery can be floated on the grid via a 
battery charger (supplied with the Sovonics setup). This means 
that the battery is always full and ready for action. The EMPS 
should have modular plugs to interface with automotive stuff. This 
is the reason all the gear pictured is equipped with car cigar lighter 
plugs. 

One of the nice features of the EMPS is that you don't need to wait 
for a disaster to use it. Karen and | use the panel and batteries in 
the photo to power a light and ham radio gear when we go 
backpacking or camping. There is nothing like a light in the tent at 
night and talking to our friends on the 2 meter ham radio 
transceivers. Just lash the panel to the top of the pack frame during 
the day, hook it up to the battery within the pack, and have a light 
and radio at night! 

EMPS Cost & Access 

An EMPS will cost between $250 to $500 depending on PV panel 
size and battery capacity/type and whether you use a microinverter 
or not. This is cheaper, lighter, more portable and infinitely quieter 
than a generator. And it keeps going when gasoline is a memory. 
Emergency MicroPower System equipment is available from just 
about any Home Power advertiser. | urge you to support your local 
installing renewable energy dealer! 

We at Electron Connection Ltd. are offering Emergency MicroPower 
Systems custom designed to suit your need, as well as individual 
components. Call or write: Electron Connection Ltd., POB 442, 
Medford, OR 97501 * 916-475-3179. 


10 


Home Power #14 * December 1989/January 1990 


Inverters 


Intelligent use of 120 vac Appliances in the Inverter Powered Home 


Jerry Fetterman 


ne of the major developments in renewable energy over the last 5 years is efficient DC to 120 vac 
inverters. It's no longer necessary to modify appliances to run them on DC or to buy sometimes 
inferior quality, high-priced DC products. We can now go down to the local discount store and 
purchase off-the-shelf appliances just like the folks who use commercial power. While most commercial 
120 vac products will run on an inverter, some intelligent decisions about what appliances to buy can save 


you hassles and significant amounts of power. 


INVERTER RULE #1: Let your inverter return to standby 


In standby mode, your inverter uses minimal power. Using products 
that are on 24 hours a day, such as clocks or devices with clocks in 
them, causes your inverter to be "on" all the time. Most inverters 
use less than 1 watt in the standby mode and upwards of 20-30 
watts powering such minimal loads. While 20 to 30 watts isn't 
much, running such a load 24 hours a day takes 1 to 3 PV panels. 


To eliminate or minimize such loads 1) use quartz battery operated 
clocks, 2) do not use appliances with built-in clocks, 3) use 
appliances such as battery chargers, cordless telephones, and 
answering machines with DC inputs, and/or 4) use such appliances 
on 120 vac only during periods of power surplus. 


Some appliances which appear to be turned off still may consume 
enough power to keep your inverter on. This is generally a result of 
the manufacturer installing the switch on the secondary of the 
transformer rather than the primary. It also can be the result of 
circuitry that stays on all the time such as in instant-on" TV's or 
remote controlled appliances. 


One way to trace a "phantom load" is to monitor the sound of your 
inverter; know what it sounds like in standby mode and in the "on" 
mode. If your inverter does not return to standby when all 
appliances are off, start unplugging appliances until you find the 
offender. If the inverter powers an extensively wired house, then 
the inverter may stay "on" because of the wiring. The inverter sees 
the capacitance of the wiring as a load. If this is the case, adjust the 
standby level of the inverter. 


INVERTER RULE #2: Smaller can be better. 


This rule pertains primarily to use of 120 vac water pumps and 
motors. In general, pump people will recommend pumps/motors 
that are larger than actually needed. A small pump/motor might 
take longer to do the job, but will take less surge to start and less 
power to run. Since inverter capacity is limited, it is often better to 
save the capacity for other loads and go with a smaller pump/motor. 
Special Appliance Recommendations 

Color TVs: Many color TVs have either remote control and/or 
instant-on circuitry. This tricks you into believing that the appliance 
is off when you push the remote control. In reality, however, it is 
only partially off and is consuming power as it waits for you to use 
the remote control. In contrast, a TV set with a switch and an 
analog dial is off when you switch it off. If the couch potato in you 
likes to zap commercials from your couch, one way is to install a 
switch or switched extension before the TV. 

Microwaves: Microwaves come with analog and digital controls. 
The analog type has a rotary timer and is off when not in use and is 
recommended for use with inverters. The digital types have 
displays/clocks which are on all day and are not recommended. 
Automatic Clothes Washers: Clothes washers are one of the 
most difficult loads for an inverter. While many will run from a 1200 
watt inverter, others require a minimum of 2000 watts. This is due 


to the surge requirements. The washers requiring the least from 
your inverter pump the wash/rinse water prior to spinning, like 
Whirlpool and most Kenmore washers. Spinning with a full load is 
hard work for the motor and requires large surges. 


Gas Stoves and Ovens: A stove/oven with pilot lights requires no 
inverter power. To eliminate wasting gas by pilot lights, you can 
turn them off and start the burners with a hand held ignitor. Avoid 
gas stoves and ovens with built-in clocks. While some 
stoves/ovens with pilotless ignition work well with inverters, some 
use a heat element to trigger a solenoid before turning on the 
burner. These take a considerable amount of energy. 


Fluorescent Lights: Compact fluorescent lights with electronic 
ballasts work well on inverters. In contrast, fluorescent lights with 
coil ballasts produce a 60 cycle buzz. This buzz is audible on some 
fixtures and not on others. Find out if you can return the fixture if it 
is noisy before buying it. 

The rare incompatibility problems 


While modified sine-wave inverters run most equipment, you might 
find an appliance which does not operate correctly on inverters. 
This is usually the result of using edge-triggered power 
semiconductors. It occurs primarily in electronic equipment with 
mechanical parts. We have had trouble with a copy machine and a 
computer printer and have heard of problems with an electronic 
typewriter. This problem is NOT inherent to all products, just to 
specific models of machines and inverters. Before buying a 
high-cost appliance see if you can try it on your inverter. 

Access 


Jerry Fetterman is co-owner of Yellow Jacket Solar. Yellow Jacket 
Solar supplies remote home PV systems and water pumping 
systems to their local SW Colorado neighbors and has a mail-order 
catalog. The owners have lived with photovoltaic power since 
1981. 
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Phantom Loads 


Richard Perez 


ust because the switch says "OFF" doesn't mean a device is off. Many modern appliances are never 
really OFF. They contain clocks, memories, remote controls, microprocessors, and instant ON 


features that consume electricity when plugged in. That's 24 hours a day, 7 days a week... 


While 


these Phantom Loads are often small, they add up if several are constantly on line. Some Phantom Loads 
are easy to spot- things like clocks and timers have displays. Other Phantom Loads are truly hidden- the 
device seems OFF when switched OFF, but it really isn't. 


Obvious Phantom Loads 
Consider a clock. Many appliances contain a clock or timer. The 
electronic clock/timer and its display consume very little (=0.5 
Watts). However, there is a power supply in the appliance that 
converts120 vac into low voltage DC for the clock/timer. This 
power supply is very inefficient at low power, consuming many 
times the power actually needed. This consumption is _ 
about 40 to 75 Watt-hours daily- enough to run a; © 
lightbulb for TWO hours. Most of this consumption =; 
goes to do a job better accomplished by low voltage ¢ 
DC directly from the batteries. At night, when 
hardly any power is used, the inverter may stay, 
on just to supply small Phantom Loads. This 
operation is very inefficient. One, these jobs 
are better done via DC. And two, it's forcing - 
the inverter to operate for extended periods in 
its least efficient mode. 


Sneaky Phantom Loads : 
Some Phantom Loads appear to be truly OFF 2 E 
when switched off. There are no lights or: 
indicators showing power consumption, but the 2 
device is still using electricity. Offenders in this§ 
category include, stereos, VCRs, computers, (S 
calculators, computer printers, satellite TV — 
systems, and any device powered by a "wall 
cube". Wall cubes are power supplies in plastic 
boxes that plug into 120 vac outlets. Let's visit a few of 
these Phantoms where they lurk. 

The Primary is Alive! 

Many 120 vac appliances contain power supplies. These convert 
120 vac, either inverter or grid produced, into low voltage DC for the 
appliance's electronics. On some appliances the ON & OFF switch 
is placed on the secondary (low voltage side) of the supply's 
transformer. The primary is not switched and is always connected 
to the 120 vac source. See the diagram below. 
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TRANSFORMER 
in the Appliance's Power Supply 


The inverter or commercial power grid sees the primary of the 
transformer as a constant load. Power consumption on these 
devices may run between 50 to over 200 Watt-hours daily. 


Filters and Line Conditioners 


Many 120 vac business appliances like computers, printers, 
obpewilets FAX machines, and copy machines use filters on 
» their power input. These filters serve a useful purpose- 
_protecting the device from overvoltage, surges, noise and 
other electric trash that may wander onto the grid supplied 
electrical lines. Unfortunately, most of these filters 
’ are wired in ahead of the power switch, and are 
‘on line all the time. They consume power from 
the inverter- about 8 to 40 Watt-hours daily. 


. Wall Cubes 


These small black boxes are really Phantom 
Loads. Wall cubes are actually small power 
supplies. Consider the case of a telephone 
¥ answering machine powered by a wall cube. 
The wall cube is plugged into an electrical 
outlet and feeds the answering machine via a 
low voltage power cord. The ON/OFF switch is 
located on the answering machine itself. Even if 
the answering machine is turned OFF, the wall 
cube still consumes electricity. This is electrically 
the same as having a power switch on the 
transformer's secondary- the primary is alive all the 
time. A wall cube uses 20 to 50% of its rated power 
even when its device is switched off. 

How to detect Phantom Loads 

We find Phantom Loads by watching for signs of current flow where 
there should be none. If you are a technician with a meter, then 
break into the appliance's power circuit and measure consumption 
when switched OFF. This involves working with live 120 vac wiring 
and is dangerous if you don't know what you are doing. 120 vac will 
shock you whether it's produced by the grid or your inverter. 

What follows is a very simple circuit for detecting phantom loads. It 
can be assembled from hardware and Radio Shack parts for under 
$6. It can be wired before it is connected to 120 vac power, and is 
as safe to use as a wall socket. The schematic is on the next page 
Everything is assembled into a plastic wall box used in 120 vac 
homes. The two Light Emitting Diodes (LEDs) can be in any color. 
Use very small gauge lamp cord (=18 gauge) wired to a male plug. 
Use the Phantom Load Detector as follows: 

¢ Turn the appliance to be tested OFF. 

* Unplug the appliance from the 120 vac power source. 

+ Plug the appliance into the Phantom Load Detector. 

* Plug the Phantom Load Detector into the 120 vac power source. 
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Inverters 


¢ If you are using an inverter as a 120 vac source, then make sure 
that the inverter is "booted" and operating, not in standby mode. 

+ If the appliance is a phantom load and consuming power, then the 
LEDs will light. The more power the appliance is consuming, then 
the brighter the LEDs. This device is for testing power consumption 
in appliances when they are switched OFF. 
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Plastic wall box containing duplex receptacle and circuit. 


The Phantom Load Detector. 


While the Phantom Load Detector will survive switching the 
appliance ON, the appliance will probably not operate. The entire 
circuit is current limited by the 10kQ resistor. With the 10kQ 
resistor, we were able to detect Phantom Loads as small as 0.3 
watts. If the 10kQ resistor is replaced with a 3kQ resistor, then the 
detector becomes more sensitive (0.1 watts), but the LEDs will not 
survive operation into an appliance that is turned ON during testing. 
The Phantom Load Detector is very easy to build with only three 
electronic components. One detector should cover a neighborhood. 
Either a 120 vac appliance is a phantom load or it isn't. Once we 
have determined this we don't need to test it anymore, and the 
detector can circulate for others to use. 

Dealing with Phantom Loads 

Unplug the appliance! This works for sure because it is 
disconnected from its power source. However, constantly plugging 
and unplugging is a pain and wears out the hardware quickly. Just 
about every hardware or discount store sells extension cords with 
multiple female plugs that are SWITCHED on the plug strip. They 
sell for $5 to $10. When the plug strip is switched OFF, all the 
appliances plugged into the strip are disconnected from the 120 vac 
power source. 


A PlugStrip in Action. Photo by Brian Green. 


We use these plug strips for all phantom loads. Here on Agate Flat, 
we have three SL Waber (Model EP7S, costing $7.99 at the local 
discount house), seven outlet, plug strips with neon indicator lights. 
The neon indicator glows when the plug strip is turned ON and 
supplying power to all the phantom loads connected to it. We have 
two Mac computers, an ImageWriter printer, an HP DeskWriter 
printer, a wall cube powering a modem, and a hard drive plugged 
into these strips. | don't mind feeding these appliances when they 
are actually operating, but | don't want them flattening our batteries 
when they are supposed to be OFF. 


Selecting Appliances that are NOT Phantom Loads 

Any appliance with a built-in clock or timer is a constant and 
obvious phantom load. If you want a clock, then buy a clock, not a 
microwave or VCR. Avoid appliances with electronic memories 
unless these memories are kept alive by small batteries within the 
device. As a last resort, take a Phantom Load Detector to the store 
when you buy your appliance and check it out. 


In many cases all appliances of a particular type are phantom 
loads. VCRs, for example, all contain clocks and timers that are 
alive even if their displays are not lit. All appliances using wall 
cubes are phantom loads. Every piece of electronic office 
equipment is a micro phantom load because of its filtration. Here 
the switched plug strip comes to our rescue. 


The Bounty on Phantom Loads 

If you live on the commercial grid, you're paying an average of 
7.75¢ per kilowatt-hour for electricity. A small phantom load of 4 
watts costs you about $2.70 yearly. 

If you make your own electricity, then the savings situation is even 
better. Site produced power costs much more, about 90.¢ per 
kilowatt-hour. The 4 watt phantom load costs home power 
producers about $31. per year. The plug strip pays for itself in less 
than 3 months. And we get to use our power elsewhere. 


The bottom line here tells only part of the story. Sure we can save 
some money by disconnecting inoperative appliances that still 
consume power. We can also save resources for use elsewhere. 
Regardless of the electrical power source, phantom loads waste 
energy because they don't do anything in return for their 
consumption. While in the individual sense, these phantom loads 
are small; in the collective sense, we're wasting enormous amounts 
of electricity. 


A Heliotrope General Declaration! 


We have been reading more about the use of 
Nickel Cadmium batteries and their wonderful 
performance. There is also the problem of loads 
that may not be able to withstand the higher 
voltage charges that a Ni-Cad can 
accept. In order to allow a higher 
charge rate and allow the protection 
of a regulated charge Heliotrope 
General would like to announce the 
new CC-60B with expanded State- 
of-Charge voltage range, 13.5 to 
16.5VDC. This very successful 
controller has an all new look and 
some special features, including 
for 1990 a Low Voltage Disconnect (LVD). The 
CC-60B is the only controller that allows you to 
adjust the State-of-Charge voltage without a 
voltmeter and now to adjust the 
LVD also. We back all our 
products with a 10 year limited 
watranty. 

See HP#8 "Things That Work" 
for test results or call Mark 
Albert for more details. 


Things that Work! 


Tested by Home Power 


HELIOTROPE 
GENERAL 


For data, write 3733 Kenora Drive, Spring Valley, CA 92077 « Call (619) 460-3930 
TOLL FREE in CA (800) 552-8838 + Outside CA (800) 854-2074 + FAX (619) 460-9211 
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Windseeker™ || Wind-Electric Generator 
Windy Dankoff 


Things that Work! 


am spoiled. | grew up with the wind power revival of the 70's, rebuilding the Cadillac of wind 
generators, the "Jacobs Wind-Electric Plants" of the 1940's and 50's. The one pictured on the cover 
ran my shop for years. Jacobs Windplants remain a standard because they work great and last for 
decades. Most new wind machines have been disasters, so I'm a hardened skeptic. As PV's got cheaper 
in the early 80's, | "retired" from wind power, phasing out all but maintenance for my old customers. Their 


rebuilt Jacobs "antiques" were the only ones I'd trust. 


New Wind 

A year ago, word blew my way that "Windseeker" was cranking out 
reliable Amps ‘round the Northern Arizona mountains. | waited. | 
heard more good things. | talked to the factory and ordered the 
instruction manual. It is thorough and easy to follow. It treats tower 
placement, siting, energy use and other aspects of system design in a 
streamlined, efficient manner. Could it be that the machine works as 
gracefully as the manual? At the crusty age of 37, it was going to take 
SOME CONVINCING to bring me out of wind power retirement! | 
bought one. 

A 20 Pound Hummingbird 

The Windseeker Il is 1/10 the size of the old Jacobs, but resembles 
our 1942 Paris-Dunn 200 watt windplant. Made for running radios on 
the farm, the Paris-Dunn was the most durable of the very small 
machines made during the old days. Ours survived a second 
incarnation, blasted by a decade of wild New Mexico winds. The key 
to its durability is a simple speed-governing system -- wind pressure 
tips the generator upward in winds over 30 MPH, to spill excess wind 
and relieve pressure on the structure. In winds over 40 MPH, it 
resembles a helicopter and sounds like a 20 lb. hummingbird. You can 
hardly hear its swishing sound above the wind itself. 


The Governor 

Windseeker's pivoting speed governor is perfect for such a small 
machine. It is FAR superior to the air brake governor used by the 
popular "Wincharger". Comparing the Windseeker to the Wincharger 
is like comparing a Toyota Tercel to a Model T with bad brakes. 
Windseeker II is one quarter the weight, easier to install and much 
more resistant to icing, lightning and 90 MPH winds. It is 
quality-constructed from aluminum castings and looks like it will last for 
decades. Warranty is two years. No regular maintenance is required. 
Marine treatment is available. 

A Smart Controller 

Windseeker Il uses a "smart" controller built onto the machine. The 
controller allows optimum use of light winds and compensates for 
wiring loss as it provides the proper taper-charge to your batteries. | 
was delighted to watch the current interrupting on my ammeter as the 
voltage reached the perfect 14.3V. Output is 21 Watts at 10 MPH, 75 
Watts at 15 MPH, 325 Watts at 25 MPH and 400 Watts at 28 MPH. 
Windseeker watts add to whatever may be coming from other energy 
sources. Both 12 and 24 volt models are available. 


Blades and Heart 

The propellor blade is an efficient taper-twist design that is extremely 
lightweight to reduce stresses and vibrations. The electrical heart is a 
modified Ford alternator. Parts and service for it are easily available 
from automotive sources. Windseeker's special field-control circuit is 
the key to adapting an automotive alternator to wind power (along with 


Windseeker II. 


rewinding its stator coils for lower speed operation). 


Towers 

Windseeker can mount on a common antenna tower that may be 
purchased from (and installed by) your local 2-way radio supplier. 
A cheaper alternative is a simple mast made of 2" iron pipe with 
"guy wires". The instruction manual details such an installation for 
up to 65 feet. Kits are available if you buy the pipe locally. Your 
tower MUST clear all surrounding obstacles by at least 15 ft. to 
avoid turbulent wind and airborne debris, or you will not obtain 
satisfying results (this goes for ALL wind machines). No additional 
controls are required except for a fuse and optional ammeter. It is 
easy to shut down by hand with a control cable that tips it upward, 
out of the wind. 


Filling the Gaps 
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Windseeker II is a very small machine, intended primarily for 
supplementary power in combination with PVs or other energy 
sources. Wind power tends to fill in the gaps during storms and at 
night. So, if you live on a cloudy coast, or the dark wilds of the 
North or even in the sunny Southwest, consider the Windseeker II to 
complete your energy system. If you're just curious ("nutty") about 
wind power, here's your chance to try a low-priced wind system that 
REALLY WORKS! 

Access 

Windseeker Il is made by Andy Kruse and David Calley at 
SouthWest Windpower, POB 22178, Flagstaff, AZ 86002 «+ 
602-526-0997. 

Windy Dankoff is the Wind Wizard at Flowlight Solar Power, PO Box 
548, Santa Cruz, NM 87567 (505) 753-9699. He is a major 
contributor to The Homebuilt Wind-Generated Electricity Handbook 
(Hackleman, 1976) and has written 13 previous articles for Home 
Power. He's worked, lived and slept with wind power since 1974. 


Flowlight Solar 


PHOTOVOLTAIC & WATER PUMPING SPECIALISTS / MANUFACTURERS 
PO BOX 548 SANTA CRUZ, NM 87567 (503) 753-9699 
LOWEST PRICES IN THE COUNTRY ON PV PANELS 
AS LOW AS $5.45 PER WATT 


¢ SPECIAL LIMITED TIME OFFER - 


SOLAREX MSX-56 "MEGA-PANEL" 
$340 - each, 1 to 3 panels UPS - PAID 
$320 - each, 4 or more panels 
$315 - ea. with $1,000 purchase of other merchandise 
$305 - ea. with $2,000 purchase of other merchandise 


Peak Power: 56 Watts 
Volts @ P.P.= 16.8 
Amps @ P.P.= 3.35 r | 
Dimensions (inches) | | ® 


43.6 X 19.8 X 2.1 SOLAREX 


WIND SEEKER II 
$795. (12V) $895. (24V) UPS-PAID 


FLOWLIGHT SOLAR POWER CATALOG & HANDBOOK, Articles 
by Windy Dankoff -- $6. 

THE SOLAR-ELECTRIC INDEPENDENT HOME BOOK by Jeff 
Fowler -- $18. Your nuts'n bolts guide to safe, code-worthy PV 
installation! 

"Your INFORMATIVE CATALOG helped us formulate our plans, and 
your help over the phone cleared the confusion and gave us the 
confidence to jump into PV." Susan R., Crested Butte, CO 


Please remember: 


As of April 1990 (HP#16) it will cost $6. per year 
to receive Home Power Magazine via Third Class. 


Send in your $6 and don't miss an issue. 


We tried to keep HP free, but too many of you 
want to get it! 
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Wind Generator Blade Balancing 
Mick Sagrillo 


©1989 Mick Sagrillo 


any different ways of balancing wind generator blades and rotors have been used over the years. 

Some methods work, although often on a hit or miss basis. There is more to rotor balancing than 

just screwing lead onto the blades. An unbalanced rotor will cause unnecessary vibration and 
stresses resulting in premature wear on the generator's bearings, governor, blades and tower. A properly 
balanced rotor will give the wind generator long life and its owners years of problem free power. 


Ancient History 


An old way of balancing is to mount the blades on their governor 
and then hang the entire assembly from a wire attached to the 
ceiling. The wire passes through the generator shaft hole in the 
governor and acts as a fulcrum or balance point. The entire rotor is 
then hung horizontally a few feet from the floor. The wire must pass 
exactly through the center hole of the governor. The point where 
the wire passes through the rotor becomes the fulcrum about which 
the rotor teeters. Weights are added to the lighter of the two blades 
(for a 3 blade rotor) until the entire rotor is horizontal. The primary 
problem with this system is that the fulcrum is below the rotor's 
center of gravity. This is because the assembly is supported from 
beneath by the wire. Balance is best achieved when the fulcrum 
point is above the center of gravity of the entire rotor/blade 
assembly. It is virtually impossible to balance the rotor accurately 
by hanging it from a wire. 

Better But Not Perfect 


Another old timers method involves mounting the entire rotor on the 
generator shaft. The generator can be on the tower or preferably on 
a stub tower on the ground. The rotor is lightly spun and allowed to 
come to rest. The heaviest blade will always come to rest in the 
bottom position. On a three blade rotor, weights are added to the 
lighter of the two and the rotor is spun again. When the blades 
come to rest randomly, the rotor is considered balanced. This 
method is tedious and time consuming but with patience a 
somewhat balanced rotor can be achieved. 


Two Blade Balancing 


Individual blades can be balanced, one against the other or against 
a known weight, on a fulcrum. This only works with a two blade 
system and then only if the governor or hub that the blades are 
attached to is perfectly balanced. If the governor is not well 
balanced, the case with most two blade Windchargers, or the rotor 
has three or four blades, this method doesn't work well. 

Balancing with a Fulcrum 

A common but ineffective way of balancing blades with a fulcrum is 
to find the center of gravity of the heaviest blade and transfer this 
dimension to the lighter blades. These blades are placed, one at a 
time, on the fulcrum at the marked point & balanced with weights. 
Fulcrum Balancing Problems 

One major problem with fulcrum balancing is the assumption that 
the blades are identical in gross weight and in weight distribution or 
density along their length. We have received blades from 
manufacturers that have varied by as much as six ounces from the 
heaviest to the lightest. And these have been considered quality 
blades. One of our customers bought blades from a well know 
supplier that varied by three pounds! Even if you've individually 
balanced all three blades, the rotor assembly will still not be 
properly balanced if the blades don't all weigh the same. As an 
exaggerated example, let's say that you used two 2 X 4's and one 2 


X 6 instead of blades. Obliviously, the 2 X 6 is going to be the 
heaviest of the three. If you find the center of balance of the 2 X 6, 
transfer this center distance to the two 2 X 4's, then balance the two 
2 X 4's on your fulcrum, all three will have the same center of 
balance. You'd have plenty of problems if you tried to use these 
three pieces of wood to drive your wind generator. 


Wood Density 


One of the reasons for the large discrepancies in blades is wood 
density. Trees vary in density, as do parts of individual trees. 
Ideally, the densest wood should be at the butt of the blade. The 
butt is the blade end closest to the governor. | know that our blade 
carver takes these things into consideration. But someone who is 
buying just one set of blades to finish for his own generator is really 
stuck with whatever the manufacturer sends. Blade manufacturers 
sell their wares either prepaid or C.O.D. Once a customer has paid 
for the blades, he has to be content with what's been shipped. 


Blades and Rotor Together 


The blades should not be individually 
balanced using the fulcrum method. 
Here at Lake Michigan Wind & Sun, 
we do not balance individual blades. 
We treat the entire rotor (the blades 
and governor) as a single unit. The 
first step in system balancing is to 
break down all structures to 
fundamental units. The entire rotor 
assembly is a fundamental, rotating 
unit. In theory, the rotor can be 
balanced by balancing individual 
blades, then mounting them onto 
what is supposed to be a balanced 
governor. In practice, all sorts of 
assumptions come into play that are 
givens in theory. These assumptions 
are not even considered when 
someone is screwing weights to 
blades, and _ therefore become 
variables. And variables can become 
vibrations. 


The way we balance rotors at Lake 
Michigan Wind & Sun is very similar 
to the way tires were balanced before 
computerized spin balancing. We 
bubble balance. 

Our balancer (photo 1) consists of a 
shaft machined to fit the center hole of 
the governor, in this case a Jacobs or DWS blade-activated 
governor. Different shafts are machined to fit different styles of 
governors. The shaft is bored out nearly to the top end. A pivot rod 
is machined to a point which fits inside the bored shaft. An 


Photo by Mick Sagrillo 
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Photo 2 


Photo 5 


Photo 3 


Photo 4 


Photo 2: Bubble balancer, bored shaft 
& pivot rod in place. 


Photo 3: Blades and hub on the 
balancing rig. 


Photo 4: Bubble blancer at the hub's 
center. 

Photo 5: Governor spring mounting 
brackets. An ideal place to add 
weights. 


Photo 6: A weight sandwiched 
between the bracket and the blade. 


All photos by Mick Sagrillo. 


Photo 6 


inexpensive bubble balance, available from any local tool shop, 
completes the hardware required. 


The assembled balancer is shown in photo 2. The governor is 
placed on the bored shaft and the blades are then mounted onto the 
governor. At this point, the blades, governor hub, and governor 
spider are numbered. This is done so the rotor can always be 
reassembled in exactly the same way that it was balanced. If this is 
overlooked, the balancing is for naught. It's a good idea to place 
sawhorses under the first two blades that are mounted onto the 
governor to keep from placing undue stress on the pivot rod. Once 
the third blade is installed the sawhorses can be removed because 
the rotor will, more or less, maintain its own balance. 

The rotor mounted on the balancer is shown in photo 3. The 
primary advantage to this system is that the pivot point of the rod 
(the fulcrum) is above the center of gravity of the governor and 
blades, see figure 1. 


This makes balancing very accurate as well as very easy. The 
bubble balancer is placed directly over the center of the top of the 
bored shaft that is sticking out of the governor (see photo 4). 

The Balancing 

To balance a Jacobs or DWS blade mounted on a blade-activated 
governor, place gram weights on the eyebolt brackets of the two 
lighter blades until the bubble balance reads level (see photo 5). 
The eyebolt brackets are there to tension the governor springs. 
They provide a convenient place to attach weights along the blade's 
center of gravity. 

Adding The Weights 

Once the rotor is balanced, weigh the gram weights on a beam 
balance. Measure out the same weight of lead for casting. Add 


several grams extra to compensate for the mounting bolt holes 
which must be drilled in the weight. Melt the lead, pour it into a 
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Bubble Balancer 
Fulcrum “ 
Governor Hub 
Pivot Rod a 
Bored Shaft 


Figure 1- the balancing rig. 


mold and set aside to cool. Drill the bolt holes and mount the 
weight to the blade by sandwiching it between the eyebolt bracket 
and the blade (see photo 6). 

This way, the weight cannot work its way loose from the blade. 
Now, recheck the balance of the rotor to see how good a job has 
been done. If you've removed too much or too little lead during the 
drilling of the bolt holes, make corrections if possible. If not, then do 
it over. A perfectly balanced rotor is one of the most critical parts of 
your wind generator. Once you're satisfied with the balancing, 
move on to finishing the blades, and taping the leading edges. 
Finishing Up 

Before you balance the rotor, prime and finish sand the blades and 
mount all the hardware. Don't apply the finish coats of paint before 
balancing for two reasons. First, several ounces of paint spread 
more or less evenly over the entire surface will not affect the 
balance of the rotor. Second, it's very important to attach the 
weights to the blade before painting so the finished blade is 
completely protected by the final coats of paint. Then there are no 
breaks in the paint's skin for moisture to enter. Moisture entering 
the wood will not only affect balance, but also eventually cause rot. 
Inner Workings- Centers 

Problems often arise because of where the weights are placed on 
the blades. As can be seen from the cross section of a blade in 


——_———» Aerodynamic Center - 28% Chord Length 


| > Pivot Center- 43% Chord Length 


Airfoil Chord Length > 


Figure 2- Airfoil Centers & Chord Length 


Wind Power 


figure 2, the thickest part of the blade is near the leading edge of 
the blade. This is called the aerodynamic center. Also shown in 
figure 2 is the pivot center. The pivot center is where the blade is 
attached to the rotor. 


The aerodynamic center is where most people would probably 
attach weights because it's the thickest and presents the least 
danger of the screws going all the way through the blade. 


The Aerodynamic Center vs. the Pivot Center 


In the Modified Clark Y Airfoil used on Jacobs and DWS wind 
generators, the aerodymanic center is 28% of the chord length 
measured from the leading edge of the blade. The chord length is 
the distance from the leading edge to the trailing edge of the airfoil. 
In the case of a Jacobs or DWS blade used on a blade-activated 
governor, the hole bored into the blade's butt for the governor blade 
shaft is the pivot center. The pivot center of the blade is 

43% of the chord length from the leading edge. The three / 
blade shafts of the blade-activated governor are 120° 
apart. The center of gravity of the blade lies along a 
line that passes through the pivot center of the blade 
(Figure 3). 

Therefore, the center of gravity of each blade is 
120° apart. By placing lead weights beneath 
the eyebolt brackets, you add weight along 
the center of gravity of the blades. Since 
each blade's center of gravity remains the 
same (120° apart), the rotor will balance 
nicely. If you add weights along the 
blade's aerodynamic center, then the 
center of gravity is shifted forward, 
towards the leading edge. This 
means that the centers of gravity 
for the three blades are no 
longer 120° apart (figure 4 on 
the next page). 

While a rotor assembly 
whose blades are 

weighted along the 
aerodynamic center will 
balance as a unit on the 
bubble balancer, it ma : _ Rirtaj 
vibrate in actual use. on / Pignies Aol 
must be taken to locate center of gravity line 
weights along the center of gravity of the blades (the pivot center if 
a pivot is used) and not along the aerodynamic center. 

Weights On or Within the Airfoil? 

Never add weights on the outside of the airfoil. The airfoil of the 
rotor is a most important part of the entire wind system. The last 
thing you want to do after painstakingly preparing and finishing a 
set of blades is bolt some globs of lead to the outside of the airfoil. 
This creates all sorts of turbulence which will adversely affect the 
airfoil's performance. 

However, some rotors do not have governor hardware attached to 
them (like the Jacobs or DWS blades) and therefore lack 
convenient mounting points for weights. There is a method of 
attaching weights that does not compromise the airfoil. This 
technique involves countersinking the weights into the blades. We 
use this method quite often with different airfoils and it works well. 
Countersinking Weights INTO the Airfoil 

In this technique, weights are placed along the center of gravity line 
of each blade requiring additional weight. Countersink the weights 
into the blade with a Forstner bit. A Forstner bit drills a perfectly 
clean hole in wood and leaves a flat bottom in a blind hole (the hole 


Center 
of 
Gravity 
Line 
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May or May 
Not be 


120° POT 


Less than 120° 


More than 120° 


Figure 4- Symmetry of the entire blade/rotor system. 


doesn't go all the way through the wood). You'll find an 
example of a blind hole on chair legs. These blind holes 


JACOBS WIND ELECTRIC 


replacement parts, new blades, and blade- 
actuated governors. We make replacement parts 
and have new blades for most all wind 
generators, pre-REA to present models. Many 
used parts, too. 


Lots of used equipment available: wind 
generators, towers, both synchronous and stand 
alone inverters, and Aermotor waterpumpers. 
Best prices on TRACE inverters and SOVONICS 
PVs. 


Information: $1; specify interests. 


Lake Michigan Wind & Sun 


3971 E Bluebird RD., Forestville, WI 54213 ¢ 414-837-2267 


are drilled into the legs and accept crossrails. The best 
results are achieved with a drill press. | use a 7/8" 
Forstner bit, although most any size will work. After 
determining how much weight is needed to balance a 
blade, the lead is melted and poured into a form. The 
form | use is a short piece of heavy wall tubing that has 
been bored to exactly 7/8" to match the holes. The 
weights are never more than 3/8" high. If more weight is 
needed for the blade, more holes should be drilled and 
the lead made into several weights, one weight for each 
hole. The holes are about 1/2" deep for a weight that is 
3/8" high. Epoxy is applied to the bottom of the weight 
and the weight is pressed into the hole. The hole is then 
sealed with automotive body putty, such as Bondo or 
fiberglass. | have found that the 1/8" of body putty or 
fiberglass that covers the lead weight nearly equals the 
weight of the wood removed from the hole. No 
allowances for the additional weight of the body putty or 
fiberglass are needed. Once the body putty or fiberglass 
has hardened, it can be sanded to match the contour of 
the blade. If you have done a good job, it will be very 
difficult to find the weights once the finish coats of paint 
have been applied. You have now balanced the blades 
without destroying the integrity of the airfoil. 

The Bottom Line 

As you can see, rotor balancing requires looking at the 
entire rotor assembly as a unit. Balancing individual 
blades is approximate at best. If you take time and 
consideration with the balancing process, you'll have a 
happy and long lived wind plant. 

Access 

If anyone has any comments on these ideas or any other 
ideas concerning rotor balancing, | would appreciate 
hearing from them. Feedback can be sent to: Mick 
Sagrillo, Lake Michigan Wind & Sun, E 3971 Bluebird Rd., 
Forestville, WI 54213, (414) 837-2267. 

Lake Michigan Wind & Sun rebuilds, buys, and sells wind 
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Energy Fairs 


Energy Fairs Update 


fair here, a fair there, a fair everywhere! After filtering through the tremendous masses of mail and 
numerous phone calls, a clearer picture of the Energy Fairs emerges. And | mean Fairs. Here's a 
distillation of the information you have been sending us. 


The People's Choice 

¢ Multiple Fairs all around the country. Each organized and run by 
the local folks. Local fairs will allow the development of lasting local 
infrastructures 

¢ Nonsimultaneity. These Fairs will not be held all at the same 
time. Many folks and businesses would like to attend several fairs. 
Holding all fairs at the same time makes this impossible. 

« Most everyone shares the same dream of Energy Fairs where 
renewable sources and alternative power systems are featured in 
both an educational and commercial setting. 

Home Power's Bit 

We are trying to act as a clearing house for 

people, information, and ideas. We 

encourage anyone’ wanting to 

participate in any of these fairs to 

contact the appropriate folks listed 


below. 
Send Home Power Magazine 
your local Energy’ Fair 


information and we'll see that 
it's printed. The words and 
ideas from this point are the 
work of local fair people. 


Solar Energy Exposition 
and Rally- SEER '90 

The Northern California 
town of Willits will host the 
first annual Solar Energy 
Exposition and Rally 
(SEER '90) on August 11 & 
12, 1990. This event is 
styled after the Energy Fair 
proposal in Home _ Power 
Magazine. 


Home Power reader response 

has been overwhelming and 

correspondence to all of those who 

have inquired about SEER '90 is 

coming. 

Touted by a Willits City Councilman as the 

"Solar Capital of the World", this city of less than 

5000 people is welcoming the event with open arms. A 

steering committee of about a dozen local solar specialists, media 
and others interested in seeing the project fly has been formed. 
The steering committee has enlisted the financial and in-kind 
support of the local City Council and Chamber of Commerce. 
Within the next six months, preparations will be made to host over 
100 exhibitors and vendors, and to attract a minimum or 5000 
visitors. 


The event will focus on working exhibits of alternative energy in 
action. Other planned activities include educational sessions and 
demonstrations and a solar car rally featuring international & local 
vehicles. Booth space is available for business concessions 
subscribing to the renewable energy theme, such as PV systems, 
energy hardware, energy conservation products, solar ovens, and 
organically produced, solar cooked foods. 


As a public show of support for SEER '90, the Willits City Council 
passed a resolution November 8 designating August 5 through 12 
Alternative Energy Awareness Week. Mayor Ed Scott said the city 
would offer support in the way of land, city personnel, traffic control 
and park maintenance to help things run smoothly. Organizers of 
the Willits fair have also asked for financial support, which is being 
considered in lieu of more detailed plans. 


An office has been set up to coordinate planning, and all interested 
exhibitors, participants and volunteers are urged to call or write 


SEER '90 
733 S. Main St., Suite 234 
Willits, CA 95490 
Telephone: 707-459-1256 or 
800-669-4786 
FAX: 707-459-1256 


You can help us finance SEER 
'90 by sending $25.00 You 
will not only get 2 days entry 
to SEER '90, but also a 
high-quality cotton, _ full 
color SEER '90_ T-shirt 
(specify size). SEER '90 is 
a nonprofit venture. Send 
$25 to: SEER '90, 733 S. 
Main St., Ste. 234, Willits, 
CA 95490. 


SEER ‘90 Solar Car Rally 

A most pressing challenge 

is the organization of the 

solar car rally. Teams and 

car builders need as much 

time as possible to prepare for 
the rally. 


Organizer John Fry has attended 
Switzerland's 1980 Tour De Sol as 
well as a recent MIT class in building 
solar vehicles. The rally rules and 
course will be available 1 January 1990 from 
the SEER '90 office. Here is an update on how 
the rally is panning out: 
* There will be four categories of vehicles and the course will 
include some gravel roads and hills. 
* The course will run approximately 50 miles. 
* The Solar Car Rally is not a race and all of California's driving 
laws must be obeyed. 
¢ We are trying to raise $20,000 as prize and travel money for 
entrants. 
* The goal of this rally is to demonstrate the effectiveness of solar 
powered, non-polluting vehicles. 
ATA PV Workshop at SEER '90 
A special Photovoltaic Training Workshop will be held in conjunction 
with the Energy Fair. Scheduled for August 1990. Workshop 
participants will install several operational PV systems at the SEER 
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‘90 site in Willits, CA. 


Energy Fairs 


The intensive one or two week workshop is structured for serious 
PV practitioners who want to learn from professionals. Do-it-yourself 
homeowners and persons desiring career vocational training are 
welcome. No prior knowledge of solar or electricity is required. 


The Energy Fair Workshop is modeled after the program called 
"The Nation's Leading PV Design and Installation Course." See 
HP13 for details about last summer's workshop in Colorado. 


The course combines classroom theory and hands on skills training. 
The first week will focus upon the basics of solar electricity, 
appropriate applications, system hardware and how to size and 
specify equipment. Commercially available components will be 
discussed and evaluated in detail. Teaching is done with full scale 
demonstration systems and laboratory exercises are taught with 
working components. The optional second week is devoted 
exclusively to hands-on installations at the Fair site and will include 
completely operational residential sized systems. One system will 
be used to publish Home Power #19 (Oct/Nov 90 issue) from the 
Fair! DC lighting and appliances, ac systems with inverters and PV 
gensets will be included. 


This unique PV training workshop will enable participants to 
contribute to THE FAIR while learning how to design and install 
photovoltaics. So come join us! Workshop sized is limited. The 
cost per week is $350. This includes a 300 plus page textbook and 
a product literature supplement guide. Registration opens this 
spring. For more info contact Johnny Weiss at ATA, 410 Garfield, 
Carbondale, CO 81623 * 303-963-2682 


The Farm, Summertown, Tennessee. 

The Farm is planning on a date in Mid-June for an Energy Fair. 
Also a possibility at this fair is another ATA series of Workshops for 
PV Practitioners. 

Folks into starting and participating in the area surrounding 
Tennessee should make contact with The Farm now. The Farm is 
now organizing this Fair, and could use your help and input. 


Contact: Mary Ellen Bowen, POB 90, Summertown, TN 38483 + 
615-964-3992. 


Another Possible Fair in Vermont 

David Palumbo of Independent Power & Light, and the folks at ATA 
are putting together an East Coast PV Workshop at Sterling 
College, Craftsbury Common, VT. They would like to have a two 
day Fair at Sterling College in conjunction with the Workshop. 
Anyone interested should contact David Palumbo, Independent 
Power & Light, RR1 Box 3054, Hyde Park, VT 05655, 
802-888-7194. 


Come On Midwest PVers 

Central Wisconsin, namely the Stevens Point/Amherst area, would 
be a good sight for a Midwest Energy Fair. With over 10 PV 
systems, and a large number of solar air and water heating 
systems. | think it would be safe to say that this is a major 
midwestern RE hotspot. There have been several suggestions to a 
possible site in the area. One PV user has offered to host the fair 
on his land. Other possibilities include the county fairgrounds and 
the local University. My wife and | would be willing to direct the 
organization of the Midwest Energy Fair if it were in this location. 


Thoughts we had in regard to content were to focus not only on RE 
power generation and use, but also on conservative home building 
materials and practices. Practical workshops including topics such 
as system sizing, battery maintenance, building design, etc. should 
be a major focus. Having manufacturers reps at the Fair, with their 
products, is also very important. We don't want to let down all the 
Tech-Weenies who need to see, feel and learn all that's new. Of 
course, it would be wonderful to have a solar car race, and we 
mustn't forget general socializing, entertainment and the like. As for 
the Fair's length, | may be wrong, but | think 3 days would be as 
much as we midwesterners could tolerate before feeling we had to 
get back to work. 

Come on Midwest PVers. Let's show the public that we are here, 
and that the sun can make electricity here just as well as in 
California!. BJ Welling, 7934 Hwy 1, Custer, WI 54423 - 
715-592-4047. | may also be contacted at: Snowbelt Solar, 286 
Wilson St, Amherst, WI 54406 « 715-824-3982. 


BACKWOODS SOLAR ELECTRIC SYSTEMS 


For An Earth Restored And A World At Peace... 
Independent Electric Power Systems For The Remote Home 
Solar Electric Wind, Hydro 


We are a family business, living with our products for over 10 years, 
and offer the knowledge to help you set up your energy system. Free 
consultation. Questions are personally answered. 


Kyocera 48 Watt PV Module- $290. 
Solarex 53 Watt PV Module- $312. 
Solarjack SDS Econo Sub Pump- $645. 


These prices include shipping. 


Lower than usual prices on lights, pumps, Trace inverters, Sunfrost 
refrigerators, our own metered charge controls, and more. 


Send $3. for 70 page catalog/planning guide. 
STEVE & ELIZABETH WILLEY 
8530-HP RAPID LIGHTNING CREEK ROAD 
SANDPOINT, IDAHO 83864, Ph(208) 263-4290 
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SUNNYSIDE 
SOLAR 


regional distributor for 
e SOLAREX 
¢ HOXAN 
¢ SOVONICS 


We also carry a full range of 
Balance Of System 
components & equipment 
including 
Prefabricated Systems 


Ask about our wide variety of 
LOW VOLTAGE 
LIGHTING 


SUNNYSIDE SOLAR 
RD 4 Box 808 Green River Rd. 
Brattleboro, VT 05301 
802-257-1482 * 800-346-3230 


Support HP Advertisers! 


makes a good system almost maintenance free 
THINGS THAT WORK! HP11 
« Pure water returned to the battery cell « Explosive hydrogen 
gas reduced « Corrosion virtually eliminated + Battery service 
life extended * Safer battery operation « Acid fumes greatly 
reduced. Write or call for more information 
305-696-2504 
975 NW 95 St. 
Miami, FL 33150 


MicroHydro Specialists 


10+ years living on and with 
MicroHydro 


Makers of 'Lil Otto’ 
Hydroelectric Systems 


Complete line of RE Products: 

Kyocera * Heliotrope + Trace « Lil’ 

Otto » Powerhouse Paul's 

Turbines * Harris Hydro * Sun 

Frost * Flowlight * Aquastar « Sibir 

* ARCO « Trojan * Honda 

Sales - Installation - Service 

PV powered repeater & Radiotelephone experience 


Jonsereds Chainsaws « Shindaiwa Brushcutters * Oregon Acc. 
for all your firewood and fire protection needs. 
Professional Timber Felling- PV shading & hazard tree expert 
Ham Radio spoken here 


Ent Saw Shop 
Bob-O Schultze 
POB 8 
Forks of Salmon, CA 96031 * 916-462-4740 
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Support HP Advertisers! 


DEPENDABLE POWER FOR HOMES, CABINS, WATER 
PUMPING, RVs and BOATS 


CHECK WITH US ABOUT NEW SOLAR POWERED WATER 
PUMPING SYSTEMS 
We guarantee our prices and service to be the best! 


Dealer Inquires Invited 


930-A Idaho Maryland Road 

Grass Valley, CA 95945 
1-800-544-6466 

Ron Kenedi- Dealer Development Office 


DC Energy Efficient 
PL Lights 


with prewired ballast, intro offer- 
12VDC, 5-7-9-13 Watt Twin Tube - $33. 


13 Watt Quad PL - $35.50 


add $3. for 24 VDC Models. Include $1.50 per order for 
shipping within 48 states. 


PL Bulbs & Ballasts sold seperately. Send SASE Catalog 
$4., refundable 


ALTERNATIVE POWER & LIGHT CO. 
128 Weister Creek Rd., Cashton, WI 54619 
608-625-4123 


Solarex, Sovonics, Arco & Kyocera PV Panels 


FIRST CLASS HOME POWER - $20. 
see page 44 


Pump your water with Sunshine! 
It's easy with SOLARJACK'S new 
SUBMERSIBLE PUMP KIT 


Kits come with EVERYTHING! 
Included are: 


* Submersible Pump 

* 1 or 2 PV Panels 

* Power & Charge Controls 

* PV Mounting Rack 

* Wiring & Splice Kit 

* Pump Drop Pipe 

* Rope, Clamps, & Well Seal 
SOLARJACK'S SDS submersible will pump up to 120 gallons per 
hour from 5 feet depth, to 30 gallons per hour from 230 feet depth. 
It can be powered by one or two 47+Watt PV panels Complete kits 


start at $1,447.50 Pump Kits W/O PVs start at $985. 2 Year limited 
warranty on SDS pumps. 


QUALITY FIRST! 


SOLARJACK . 


“=e _— SOLAR PUMPING PRODUCTS 
325 E. Main, Safford, AZ 85546 
602-428-1092 
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: Subscription Form 


” 


aw 


wf ; 
dQ Home Power Magazine 


1 
‘Ake. 2 ft 


ag es 


. $6 per year (6 issues) to US Zip Codes via 34 Class 


If you want to subscribe to Home Power Magazine, please fill out the subscription form below, write a check or money 
order for $6 & drop it in the mail. Please note: 3rd Class mail is not forwardable. If you move you must send us your 
new address or yourcopies of Home Power will not get to you. We encourage you to use this form to communicate with 
us. Please check the box(s) below that apply to your communication. This helps us deal with the mail. 


For those wishing Back Issues of Home Power for $2 each, or international subscriptions, please see page 44. 


New Subsron [)hange ota [_)New toon ote 
PLEASE PRINT CLEARLY. GIVE YOUR COMPLETE ADDRESS. 
NAME 
STREET 
CITY STATE ZIP 


The following information regarding your usage of alternative energy will help us produce a 
magazine that better serves your interests. This information will be held confidential. Completion 


of the rest of this form is not necessary to receive a subscription, but we would greatly appreciate 
this information so we may better serve you. 


FOR OUR PURPOSES WE DEFINE ALTERNATIVE ENERGY AS ANY ELECTRICAL POWER NOT PRODUCED 
BY OR PURCHASED FROM A COMMERCIAL ELECTRIC UTILITY. 


| NOW use alternative energy (check one that best applies to your situation). 


As my only power source As my primary power source 


As my backup power source As a recreational power source (RVs) 


| want to use alternative energy in the FUTURE (check one that best applies). 


As my only power source As my primary power source 


As my backup power source As a recreational power source (RVs) 


My site has the following alternative energy potentials (check all that apply). 


Photovoltaic power Water power 


Wind Power Other 
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| now use OR plan to use the following alternative energy equipment (check all that apply). 


NOW FUTURE 
Photovoltaic cells 


Wind generator 


Battery Charger 


Instrumentation 


Water power generator 


FOLD HERE 
& TAPE 


NOW 


Gas/Diesel generator 


Batteries 


Inverter 


Control systems 


PV Tracker 


Please write to us here. Tell us what you liked and didn't like about Home Power. Tell us what you would 


like to read about in future issues. Thanks for your time, attention & support. 


Return Address 


FOLD HERE 


Place 
25¢ 
Stamp 
Here 


Home Power Magazine 


Post Office Box 130 


Hornbrook, CA 96044-0130 


Electric Vehicles 


The X-Wing was my first attempt at a high speed experimental solar vehicle. This PV powered speedster has been driven at 
speeds up to 30 MPH. While the X-Wing looks fast, it's real purpose was development of lightweight modular frames and 
components. The modular frame concept allowed me to recycle all the materials used in the X-Wing into later, better designs. 


Photo by John Jensen 


Build your own Solar Powered Vehicle NOW! 


am an artist/inventor, inspired by Bucky Fuller's design revolution, "everything needs to be redesigned”. 
We have built ourselves into a technological corner and we must design our way out of our 
transportation mess. The automobile & its roadways are a very destructive force on this planet. Let's 
start our own revolution by "Just Saying No" to a car/oil industry and a government who can't or won't build 


really dependable, non-polluting vehicles. 


Building Blocks 


We need a vehicle sized in between the bicycle and the car. The 
solar assisted electric vehicle is the perfect solution with many 
added benefits. 


Being part owner and mechanic in a bike and _ alternative 
transportation shop has given me an insight into a radical new idea 
for creating such vehicles. | am creating a modular framing system 
with a high degree of part interchangeability. This allows maximum 
frame design flexibility by designers and builders. This concept is 
not new. The bike industry has been attempting this for many 
years. With the advent of the mountain bike, this industry now has 
a very high degree of interchangeability. This allows the choice of 
many different quality levels. For instance one can buy a mild steel 
handlebar for $6. One can also spend $20 or so on a lightweight 
aluminum bar, or for the ultimate in lightweight performance carbon 


graphite fiber wound bar for $100. All three bars share the same 
mounting diameter. Parts standardization by many manufacturers 
allows frame builders tremendous flexibility for many new designs. 
The Big Boys 

On another scale entirely we have the auto industry, with almost no 
parts interchangeability. This industry is presently incapable of any 
real change. Their inertia is so great that it takes a minimum of six 
years to produce a new design. The saddest part is the planned 
obsolescence in their vehicles. We can no longer afford or tolerate 
this kind of waste. 

A Different Approach 


My proposal is that we create a new vehicle standard based upon 
maximum interchangeability of parts. | purpose that a new standard 
incorporate as much off-the-shelf hardware and technology as 
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possible. 


Electric Vehicles 


The Matrix™ Framework 

Virtually all the frame members in these electric vehicles are 
aluminum box beam. More complex parts such as front ends and 
rear axle swing arms are MIG welded steel assemblies which bolt 
up to the box beam hole pattern. Many vehicle frames can now be 
assembled in minutes instead of days or weeks of cutting and 
welding. 

| used 1.5 inch by 1.5 inch aluminum square tubing with a 1/8 inch 
wall thickness for the vehicle's frame. The tubing is structural type 
6061P6 and weighs 0.75 pounds per linear foot. This aluminum 
tubing has 3/8 inch diameter holes drilled at 1.5 inch intervals along 
all faces. Where 3 members meet at a joint, they triangulate 
forming an extremely rigid structure. 


A Matrix framework joint is strong and easy to assemble or 
disassemble. Photo by John Jensen. 


Using the Matrix System 

The photo to the upper right shows the X-Wing without it's covering 
of PV panels and nose piece. Here one can see the modularity of 
the Matrix framework technique. The X-Wing's frame consumed 60 
linear feet of tubing in its construction. Complete with nuts and 
bolts, the assembled frame weighed in at less than 60 pounds. The 
X-Wind had two drawbacks, limited hauling capacity and the PV 
modules were fixed in place. 

The Vanda 

Vanda is a two-seat, low speed utility vehicle. The Vanda is the 
current production vehicle of Suntools in Willits, CA. Designed to 
travel 40 to 60 miles per day, the Vanda's top speed is 30 MPH on 
level ground. Geared down for the mountains, Vanda's top speed 
drops to 20 MPH. 

Vanda's overall length is 9 feet and overall width is 6 feet. Most of 
this area is usable interior space. The interior measures 7 feet by 


The Matrix framework at work in the X-Wing chassis. 
Photo by John Jensen. 


The Vanda with PVs folded for travel. 
Photo by John Jensen. 


The Vanda with PVs extended for battery recharging. 
Photo by John Jensen. 
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4.5 feet and allows sleeping for two inside. The Vanda 
will haul 500 pounds of passengers and cargo. The 
batteries, about half the Vanda's weight, are located low in 
the framework giving the vehicle a low center of gravity. 


The photovoltaic array produces about 240 Watts under 
full sun. This will totally recharge the Vanda's battery (12 
V @240 A.-hrs.) in about three days. Recharging from a 
home system takes about 5 to 10 hours. The PV panels 
are mounted on an adjustable rack on Vanda's roof. This 
allows tilting the PVs to best catch the sun when the 
Vanda is parked. 


The two 24 VDC permanent magnet, electric motors are 
wired in parallel and connected to the drive axle via chain 
and sprockets. The motors also operate as regenerative 
brakes, storing the Vanda's inertia in the batteries. I'm 
now experimenting with cog timing belts and toothed 
pulleys for power transmission. Also under development 
is a Pulse Width Modulator motor control and 
instrumentation deck. 


Vanda is Flexible 


Vanda's matrix framework weighs 70 pounds in its current 
configuration. Being bolted together rather than welded, 
the Vanda is agreeable to change. Major frame 
modifications like moving the position of an axle, are just a 
matter of nuts and bolts. This allows fine tuning of the 
vehicle's frame geometry without tedious and expensive 
welding. Vanda is not locked into unchanging welded 
metal. If you want to improve the design, all it takes is a 
wrench and some imagination. 


Flexibility is built into Vanda's design. For example, 
Vanda will interface with home power systems. Vanda 
can recharge from home PV, wind or hydro sources. 
Vanda's PV array can also charge the home's battery 
when the vehicle is not being driven. Wherever Vanda 
goes, it carries its own silent power plant. With the 
addition of an inverter, the Vanda runs power tools in the 
field. 

Vanda performance is amazing for a vehicle powered by 
sunshine. It accelerates like a rocket because it is 
electric. Handling is stable due to the wide track and low 
center of gravity. 

Vanda's Cost 

The Vanda will cost less than $9000 to build, complete 
with batteries and PVs. A builder will soend about 200 
hours completing Vanda from a kit. When completed the 
Vanda is street legal in California as a motorized bicycle. 
The Vanda of the Future 

| am adding the finishing touches to the Vanda interior, 
instrumentation and testing of the vehicle for range, hill 
climbing etc. | will be reporting to Home Power readers 
on this in the next issue. On January 1, 1990 my matrix 
parts catalog and work manual will be complete. This will 
be around 70 pages mainly of parts for building ones own 
transport systems and other stimulating projects. The 
price is $20.00, half of which is refundable upon first order 
and the will be put to good use. If we use our resources 
wisely the 1990's can be our pivotal years for massive 
change. The future is now. 

Access 


Contact Phil Jergenson at Suntools, 271 Franklin Ave., 
Willits, CA 95490 + 707-459-2453. 


Electric Vehicles 


ELECTRIC VEHICLE KITS & COMPONENTS 


Build your own Vanda! 
Vanda Kit $6,565 


includes 100 feet of frame matrix and 
all parts listed below 


Siuncrouls 


Electric Vehicle Parts 


Vanda Cab Kit $1,300 

Control & Instrumentation $675 

SEND $20 for the Disc Hydraulic Brakes $600 
1990 Suntools' Swing Arms (2) $550 
Electric Vehicle Front Forks & Head Tube Ass| $525 
Catalog PM Motor 1 hp. 2000 rpm $400 
&Sourcebook. Drive Train COG $275 
Everthing from high and Pohueg Sit pe8 
low speed front ends to shocks (2) 175 
four speed Wiring Kit & Connectors $120 
transmissions. All the Timken Roller Bearings (2) $110 
hard-to-find electric Steering $100 
vehicle components are Rear Wheel & Adaptor $75 
in this book along with Front Wheel $75 
years of valuable Axles (2) $60 
hands-on information. Ball Bearings (2) $60 
60+ pages due out 1 Jan Matrix Framing /FT. $8 


1990. $10 refundable 
with first kit or parts 
order. 


You add your own batteries, PV Modules, seats, 
and paint, etc.. This with the parts above create a 
drivable solar powered electic vehicle. Allow 12 
weeks for delivery on major parts. 


Suntools ° 271 Franklin Avenue, Willits, CA 95490 * 707-459-2453 


PV SYSTEMS CO. 


CONTROLLERS 
& LOAD CENTERS 
Custom-made for you! 


DESIGN 
SERVICES 


ALL SYSTEMS CUSTOM 
CIRCUIT BREAKERS, 
REGULATOR & METERING acer ea YOUR 


ALL IN ONE ENCLOSURE. 
CABINS, HOMES, RVs, BOATS PRODUCTS FOR TODAY SO THERE 


ANY SIZE SYSTEM WILL BE A TOMORROW 
WRITE OR CALL 
FOR PRODUCT 
\ 4 Ss ees: INFO OR 
ys / \ Se PRICES 


SNOW-BELT SOLAR dl 


286 WILSON STREET 715-894-3982 


AMHERST, WI 54406 
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Electric Vehicles 


The Solar Apprentice- a PV Powered Vehicle 


Christopher Dymond 


his project is a joint operation of SolTerra and The Global Walk. In the first phase, an ultralight 

photovoltaic powered, electric vehicle will be built in Olympia Washington by SolTerra and local 

solar energy enthusiasts. In the second phase, the vehicle, "The Solar Apprentice", will cross the 
country in conjunction with the Global Walk. It will be an operations vehicle for solar energy displays and 
information, as well as a dramatic demonstration of PV power. 


Why This Project? 


The primary purpose of this project is to increase awareness and education of the THE SOLAR APPRENTICE 
value of solar energy. In order to develop energy sources which are compatible with Physical Requirements 

our environment, we must make a conscious decision to do so. Sustainable energy Power source = The Sun 
technologies are not currently profitable enough to excel via the free market system. Range per day = 80 km. 
Instead, we must make a personal investment today, through conservation and Vehicle Capacity = 110 kg. 
renewable energy sources such as solar energy, wind, hydroelectric & geothermal. Vehicle Physical Dimensions 

In return, this investment will leave the Earth in as good a condition as we found it. length = 560 cm. 

The Global Walk width = 172.cm. 

The Global Walk is a grass roots non-profit organization working to make the world height = 110 cm. 

more "livable." They have organized a grand project, to send several hundred mass loaded = 270 kg. 
people on a walk around the world. Representatives from Denmark, England, = 

France, Australia, New Zealand, Japan, the Covet Union, and the United Saiee will Wihiclo erecvictshe oO KG: 
participate in the first part of the walk across the US. Through this experience these Motor = 1 kW. series DC 


people will meet tens of thousands of people and develop a better understanding of 


our world, both as individuals and as a whole Earth. Solaray = OU oe Metals 000 Wy. 


Batteries = Nickel-cadmium, 60 kg. 


"The goal of the Global walk is to raise awareness about the environmental crisis Chassis = 4130 steel tubing 

and demonstrate what can be done about it." Joan Bokaer, Global Walk director Suspension = 4 wheel independent 

The walkers will teach people "how-to" be more globally responsible and politically Wheels = 20 inch bicycle, 90 psi tires 
active, by networking already existing organizations and setting up fairs. One of the Brakes = Drum type, front & rear 

most valuable elements of the fairs will be the Solar Energy Display. The display will Body = fiberglass, PVC, & Aluminum 
consist of a demonstration of photovoltaic power, passive solar energy (water and Drag Coefficient = 0.26 to 0.28 

space heating), how to demonstrations, and information packets on available solar Max. Speed = 45 km/hr under full sun 
energy technologies and services. Max. Speed = 70 km./hr. with battery assist 


It is in the solar energy display which the Solar Apprentice will be of its greatest use. 
Joining the Global Walk in Arizona on April 15,1990, the Solar Apprentice will travel 
to New York. The vehicle will provide eye catching attraction to draw people to the 
solar energy display and demonstrate effective photovoltaic power. For more 


information on the Global Walk please contact: The Global Walk,1431 Ocean Ave., Cost Breakdown 

Suite B, Santa Monica, CA 90401 * 213-458-3911 or 213-395-4123. 

WHO IS BUILDING THE SOLAR APPRENTICE Item Cost 
The majority of the work will be done by Team Solar, a group which consists of Steel tubing for frame $790 
members of the Capital Bicycling Club (Olympia, WA), mechanics, machinists, local Fiberglass and PVC $480 


solar energy enthusiasts, and science students of the Evergreen State College and ; 
South Puget Sound Community College. Batteries $250 
Materials selection and assembly is directed by Dan Kneelands, Student Shops Hubs, wheels, tires, & suspension —_ $892 
Instructor at The Evergreen State College. Dan has had a wide variety of Motor $624 
experience in alternative energy systems and appropriate technology in developing Solar Array $3,580 
countries, and has years of experience in ultralight aircraft design and construction. Office Supplies $225 
The director of the design and building is myself, Christopher Dymond. Riséellancous $450 
The facilities which have been made available for the project include: TOTAL $7,291 
*The Evergreen State College student shops & science department 
*South Puget Sound Community College electronics lab 

«Western Washington State College wind tunnel 

Additional support and resources which must be acknowledged include: Dr. Mike 
Seal (WWSC), Dr Robert Cole (TESC), Bill Tourtilott (GPSCC), Richard Rau (Bow 
Wow Cycleworks), Dr Don Middendorf (TESC), Richard Apple (Apple and Assoc.), 
and Kurt Knutson, Larry Eisner (Solar Engineering inc.), & Richard and Karen Perez 
(The Electron Connection, Ltd.). 
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What We Need 

Time, energy and expertise have all been donated 
by SolTerra, the Global Walk, Home Power 
Magazine and Team Solar. We have the skills, 
facilities and people power to make this project 
work. We need the material components 
necessary to make this project to work. Join us 
though your contributions, be it in the form of 
information, contacts, time, money, or the donation 
or loaning of materials,. All will be well 
appreciated. 


Contributions are tax deductible. In addition, large 
donations can reserve you a_e space for 
advertisement on the side of the vehicle, which will 
traverse the nation, stopping at hundreds of small 
towns and cities. 


JOIN US TODAY! 

For more information contact: Christopher 
Dymond, c/o SolTerra, 720 S Adams #8, Olympia, 
WA 98501 + 206-352-2652. 


Christopher Dymond is the owner of SolTerra and 
has a B.S. in Physics and a B.S. in Engineering 
Physics from Oregon State University. His vehicle 
design experience includes an apprenticeship with 
Richard Rau, (Member of the Board of Directors of 
the Oregon HPV Association, and a renowned 
recumbent bicycle designer/builder), and being the 
primary designer/builder of the "Red Shift", for the 
gravity powered vehicle competition at Oregon 
State University. RP 


Electric Vehicles 


Nickel Cadmium Batteries 


Pacific Pacific West Supply Co. 


West 5285 S.W. Meadows Rd., Suite 120 
Supply Co. Lake Oswego, OR 97035 


Y 100% Cycling Acceptable 
Y No Sulfation or Memory 

VY Low Maintenance 

V High Quality, Long Life 

/Y 30 to 340 Ampere-hours 

VY New or Reconditioned 

Y Call for availability & sizes 


Things that Work! 


A Resource Holdings Ltd. Co. (503) 639-4008 ¢« FAX (503) 620-9878 Tested by Home Power 
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Basic Electric 


Wire Sizing and Voltage Drop in 
Low Voltage Power Systems 


John Davey & Windy Dankoff 


roperly sized wire can make the difference between 
P inadequate and full charging of your energy system, between 

dim and bright lights, and between feeble and full blast 
performance of your tools and appliances. Even wiring that is 
slightly undersized can cheat you out of a major portion of your 
system's energy. 
Designers of low voltage systems are often confused by the 
implications of voltage drop and wire size. In conventional home 
electrical systems (120/240 volts ac), wire is sized according to its 
safe amperage carrying capacity know as "ampacity". The 
overriding concern here is fire safety. However in low voltage 
(12/24/48 volts DC) systems, sizing for larger wire is usually 
necessary to minimize power loss due to voltage drop before 
increased wire size is required for amperage safety. 


Typically, low voltage systems are seen in Alternative Energy (AE) 
home systems and Recreational Vehicle (RV) systems. The heart 
of these systems is DC power because DC electrical power can be 
stored in batteries. With photovoltaic systems, the electrical power 
produced is also DC. DC systems are primarily low voltage 
because most of the DC lights and appliances have traditionally 
been built for the vehicular market, which is typically 12 or 24 volts. 
There is also increased fire danger with high voltage DC because of 
the high potential for arcing in switches and poor electrical 
connections. High voltage DC also has a high shock hazard (more 
than at an equivalent ac voltage). 


Voltage Drop is caused by a conductor's electrical resistance 
(Ohms) and may be calculated according to Ohm's Law-- 

(1) Voltage Drop (Volts) = Electrical Resistance (Ohms) X Current 
(Amps) 

Power Loss is calculated by-- 

(2) Power Loss (Watts) = Voltage Drop (Volts) X Current(Amps) 


By substituting the Voltage Drop Equivalence from equation (1) into 
equation (2), we find-- 


Power Loss (Watts) = Ohms X Amps2 


If we have a 12V system with a 100 ft. wire run of 12 gauge wire 
(0.33 Ohms) and a 72 watt load, there will be a 6 amp current 
(Amps = Watts/Volts) and a power loss of 12 watts (0.33 Ohms X [6 


Amps]2). If we converted this system to 24V, we would have a 
current of 3 amps and a power loss of 3 watts. The significance 
here is that by DOUBLING the system voltage, power loss is 
reduced by a FACTOR OF FOUR. Or for no increase in power loss, 
we can use ONE FOURTH the wire size by doubling the voltage. 
This is why the trend in AE full home systems with DC circuits is 
towards 24V instead 12V systems. It is also why it is important to 
reduce the current by using efficient loads and putting fewer loads 
on the same circuit. Likewise, reducing wire resistance by using 
large wire and shorter wire runs is important. All of these are 
particularly critical with AE systems, where cost per kilowatt of 
electrical power may be several times that of "Grid" supplied 
electrical power. 

Wire Size Chart 

Because of the significance of voltage drop in low voltage electrical 
systems, we have developed an easy-to-use wire sizing chart. Most 
previous charts published assume a 2 or 5% voltage drop for 12 
and 24 volt systems and result in pages of numbers. This new chart 
works for any voltage and accommodates your choice of % voltage 


drop. You'll find it the handiest chart available. The chart applies to 
typical DC circuits and simple ac circuits (refer to footnote on Wire 
Size Chart). We recommend sizing for a 2-3% voltage drop where 
efficiency is important. 


ac/DC Wire Size Chart 


@ Calculate Voltage Drop Index (VDI) 


AMPS X FEET 
% VOLT DROP X VOLTAGE 


where: 

AMPS = Watts/Volts 

FEET = One-way wire distance 

%VOLT DROP = Percentage Volatage Drop 
e.g. use 2. for 2% 


VDI = 


(@) Determine Appropriate Wire Size from Chart 


a. Compare the "calculated VDI" with the VDIvalues for 
the American Wire Gauge (AWG) sizes in the chart to 
determine the appropriate wire size to use. 

b. Circuit amperage must not exceed the indicated fire 
harzard AMPACITY rating for the wire gauge set by the 
National Electric Code. 


Wire Size | Copper Wire Aluminum Wire 


AWG VDI 


Ampacity | VDI 


Ampacity 


* Size for a 2% to 3% Voltage Drop where efficiency is important. 

+ Information here applies to DC and ac circuits where the Power Factor = 1.0 
and the line reactance is negligible. 

¢ For 2-wire circuits. For more complex circuits refer to an electrical 
engineering handbook. 
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Sizing Example 

We have a 12 volt system with a total one-way wire run of 40 ft. 
servicing three 13 watt fluorescent lights and one 20 watt quartz 
halogen light. Sizing for a 2% voltage drop, what wire size is 
needed for this circuit? 


AMPs = JOTAL WATTS ALL LOADS 


VOLTS 

Amps =-(3 X13) +20 _4 9 amps 
12 

re AMPS X FEET 


% VOLT DROP X VOLTAGE 


Vp| - —4:9-X 40 _g9 


2X12 


The "calculated VDI" 8.2 is between VDI values 8 and 12 on the 
Chart. This calls for #8 gauge wire (#12 gauge wire could be used 
in a 24V system). Since the "calculated VDI" is not much greater 
than 8, we may consider sizing-down and accepting a slightly 
greater voltage drop. This would be sensible because #8 gauge 
wire is expensive and difficult to work with. Or we might consider 
putting these loads on two circuits--compare wire and labor costs. If 
typically only one of the fluorescents and the quartz halogen are 
operating at the same time, we could size for this typical load, being 
sure not to exceed the wire ampacity for the total of all loads. In this 
case #12 gauge wire could be used. This is an example of some of 
the considerations and tradeoffs that will be discussed later in this 
article. 

Determining Voltage Drop In Existing Circuits 

You may wish to know how efficient an already existing circuit is in 
terms of voltage drop. There is an easy way to measure this. With 
a "multi-tester" or voltmeter, measure the "source voltage" for the 
circuit and the “load Voltage" at the end of the line, then compare 
the difference. Do this while the circuit is powered and all the loads 
are on: 


Voltmeter 


Low Voltage 
Power Source 


Now calculate the % voltage drop with the following equation-- 


SOURCE VOLTS- LOAD VOLTS) X 100 
SOURCE VOLTS 


% VOLT DROP = 


This method will total ALL voltage drops in the circuit caused by 
wire, connections, and switches. Because the amperage is less 
beyond each load in the circuit, the true % voltage drop will be 
somewhat less than that calculated in the above equation. 


An easy way to calculate the wire voltage drop WITHOUT any 


Basic Electric 


measurements, if you have the information needed about the 
circuit, is to solve for % Voltage Drop using the VDI equation-- 


% VOLTAGE DROP = AMPS X FEET 
VDI X VOLTAGE 


where: 
AMPS = TOTAL WATTS ALL LOADS 


VOLTS 
FEET = one-way wire length of the circuit. 
VDI = VDI value, from Wire Size Chart for the gauge of wire in the 
circuit. 
VOLTAGE = System Voltage. 


Practical Applications and Considerations 
Here, we will consider voltage drop and wire sizing for different 
types of electrical loads, alternatives to the use of large wire and 
long wire runs, and some recommended wiring techniques. 
Different electrical loads (power-consuming devices) have different 
tolerances for voltage drop. These guidelines will help you 
determine how much drop is acceptable. 

Lighting Circuits 

Incandescent and Quartz Halogen 

A voltage drop below appropriate levels results in a disproportionate 
loss in performance. A 10% voltage drop causes an approximate 
25% loss in light output. This is because the bulb not only receives 
less power, but the cooler filament drops from white-hot towards 
red-hot, emitting far less visible light. 


Fluorescent 

Voltage drop here is less critical, causing a proportional drop in light 
output. A 10% voltage drop results in an approximate 10% loss in 
light output. Because fluorescents are more efficient, they use 1/2 
to 1/3 the current of incandescent or QH bulbs and therefore many 
be used with smaller wire (including most pre-existing ac wiring). 
We strongly advocate use of fluorescent lights. The unpleasant 
qualities of flicker and poor color rendition may be eliminated by 
using the more advanced 12, 24, and 120 volt fluorescents now 
available. See our "Efficient Lighting" article in HP#9 for details. 
We suggest using a 2-3% voltage drop for sizing wire in lighting 
circuits. If several lights are on the same circuit but are rarely all on 
at once, see the Part-Time Loads section for an economical 
approach. 


Motor Circuits 


DC Motors 

DC motors operate at 10-15% higher efficiencies than ac motors 
and eliminate the costs and losses associated with DC/ac inverters. 
DC motors have minimal surge demands when starting, unlike ac 
induction motors. Voltage drop results in the motor running at a 
proportionally slower speed and starting more gradually. We 
suggest using a 2-5% voltage drop under normal operating 
conditions for DC wire sizing. 


DC motors used for hard-starting loads, particularly deep-well 
piston pump jacks and compressors, may have high surge 
demands when starting. High power demands are also seen in DC 
power tools when overloaded. DC refrigerators (e.g. Sun Frost) 
with electronically controlled (brushless) motors will fail to start if the 
voltage drops to 10.5 volts, in a 12V system, during the starting 
surge. This is due to a low voltage shut-down device in the 
refrigerator intended to protect your batteries from damage. We 
suggest sizing wire here for a 5% voltage drop at surge current (use 
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3X operating current). 
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ac Motors 

Alternating Current (ac) induction motors are commonly found in 
large power tools, appliances and well pumps. They exhibit very 
high surge when starting. Significant voltage drop in these circuits 
may cause failure to start and possible motor damage. 


Universal Motors 

Brush type ac motors ("Universal Motors") are found in smaller 
appliances and portable tools. As with DC motors, they do not have 
large surge demands when staring. However, wire should still be 
generously sized to allow for overload and hard-starting conditions. 
Consult an electrician or the National Electrical Code for wiring 
standards in ac tool and appliance circuits. 


Photovoltaic Battery-Charging Circuits 

In PV battery charging a voltage drop can cause a 
disproportionately higher loss in power transfer. To charge a 
battery, a generating device must apply a higher voltage than exists 
in the battery. That's why most PV modules are designed for 16 
volts or more. A voltage drop of 1 or 2 volts in wiring will negate 
this necessary voltage difference, and greatly reduce charge current 
to the battery. A 10% voltage drop in a wire run may cause a power 
loss of as much as 50% in extreme cases. Our general 
recommendation here is to size for a 2-3% voltage drop. 


PV array voltage also drops in response to high temperatures. Use 
high voltage modules (over 17 volts peak power) in very hot 
climates (where module temperatures commonly = exceed 
117°F./47°C.). In moderate climates, high voltage modules allow for 
more line voltage drop, but they cost more per Amp delivered to the 
battery bank. Therefore, size wire for a somewhat larger voltage 
drop, e.g. 5%, when high voltage modules in a moderate climate. 


If you think you might expand your array in the future, install wire 
appropriately sized for your future needs NOW, while it is easier and 
less costly. It never does any harm to oversize your wire. 


Number Of Circuits 

If circuits are designed with numerous loads requiring large wire, 
overall wire cost may be adding additional circuits and putting fewer 
loads on each circuit. Fewer loads per circuit reduces circuit current 
which in turn allows for the use of smaller wire. 


More Than One Size Of Wire In A DC Circuit 

If you size wire for the loads on "End Branches" of a circuit, smaller 
wire may be used. For instance, voltage drop sizing may specify 10 
gauge wire for a circuit but a light on an "End Branch" of the circuit, 
when sized separately, may allow for the use of 12 gauge wire from 
the switch to the light. Using smaller wire for "End Branches", may 
also make your electrical connections faster and easier because it is 
physically difficult to make connections to standard household 
switches, receptacles, and fixtures with wire larger than 12 gauge. 


BE SURE THAT THE AMPACITY RATING OF ALL WIRE IN A 
CIRCUIT MEETS OR EXCEEDS THE FUSE PROTECTION 
RATING OF THE CIRCUIT. 

Part-Time Loads 

If a number of loads are on the same circuit but are rarely all 
operating at the same time, you can size the wire for voltage drop 
according to the TYPICAL load demand. AGAIN, BE CERTAIN 
THAT THE AMPACITY RATING OF ALL WIRE IN THE CIRCUIT 
MEETS OR EXCEEDS THE FUSE PROTECTION RATING OF 
THE CIRCUIT. 

System Voltage 

Consider 24 volt DC instead of 12 volt where feasible. Use 120 volt 
ac from inverter to loads where 10-20% conversion loss is not a 
major comprise. See our article "Selecting System Voltage" in 
HP#4. 


Location Of System Components 

Locate batteries, inverter, ac battery charger, and distribution panel 
near each other. Also, locate the distribution panel as close as 
possible to very large loads and as central as possible to all other 
loads. This will shorten wire runs and for some circuits, reduce the 
wire size required. 


Water Well Pumps 

Consider a slow-pumping, low power system with a storage tank to 
accumulate water. This reduces both wire and pipe sizes where 
long lifts or runs are involved. An ARRAY-DIRECT pumping 
system may eliminate a long wire run by using a separate PV array 
located close to the pump. (For more about water system design, 
see our article "Solar Powered Pumping", HP#11.) 


Soldering vs. Mechanical Connections 

Soldering is recommended around battery and inverter terminals 
(see "Build Your Own Battery/Inverter Cables" in HP#7) and in other 
corrosive, high-current environments OR at the discretion of the 
installer. Soldering requires skill and has numerous pitfalls--too 
much or too little heat, oxidized or dirty metal, the wrong solder or 
flux, or just lack of experience will GUARANTEE poor solder joints. 
Do not attempt to solder connections in your system unless you 
have learned do it properly. A tight mechanical joint is far safer 
than a questionable solder joint. 


Grounding And Lightning Protection 

We've seen thousands of dollars of damage to electrical equipment 
from lightning. In one PV home a lightning bolt entered the house 
via the PV wiring and exited the other side of the house, popping 
plaster and light bulbs, and burning wire along the way. Proper 
grounding PREVENTS nearly all such occurrences. For a more 
thorough discussion, see our article "Grounding and Lightning 
Protection", HP#6. 


Audio Signal Wires 

Wires that carry audio signals (telephones, intercom, speakers) 
may pick up buzzing noise if run alongside ac wiring. This is 
especially true when the ac power is from an inverter. Avoid this 
problem by running audio wires along a separate path (or in a 
separate trench) from the ac wires. Keep then as far apart as 
possible, especially on long runs. Proper grounding also helps. 
Audio wires will NOT pick up noise from DC lines. 


Wiring Design And Installation Book 

We recommend The Solar Electrical Independent Home Book to 
familiarize you and your PV installer/electrician with safe up-to-code 
installation procedure (available from Flowlight Solar Power). 


About the Authors 

Windy Dankoff is owner of Flowlight Solar Power. Flowlight 
supplies remote home PV systems and manufactures "Flowlight 
Solar Pumps". Windy began working with wind generators in 1975 
and PV in 1979. He has contributed 12 articles to Home Power 
since issue #2. 


Dr. John Davey is a professor of ecology and (thus) 
jack-of-all-trades at Flowlight Solar Power. He is a graduate of the 
Colorado Mountain College Solar/PV program. 


Contact the authors at Flowlight Solar Power, POB 548, Santa 
Cruz, NM 87567 + 505-753-9699. 


Editor's Note: | have reprinted the first section of this article which 
appeared in HP#13. This is because | introduced serious errors 
when typesetting the equations in this article for HP#13. My sincere 
apologies to John, Windy & any reader who tried to make sense of 
the hash | made of the data. This version contains the straight info. 
Richard Perez 
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Corner 


e try hard to keep the info in Home Power 
W accessible to anyone who managed to stay awake 

during high school science. And all of you techies 
cuss us out for not getting down with some heavy nerding on 
high tech stuff. Well, here it is: a column that assumes that 
you are experienced. This column is for electronic and 
computer techies to get as complicated as necessary without 
providing basic access for non-electronic types. Damn the 
transistors, full soeed ahead! 


Nera's 


The Hewlett-Packard DeskWriter Printer- 

a high res printer that loves inverters! 

We use Macintosh™ computers to publish Home Power Magazine. 
We've never been flush enough to afford our own LaserPrinter. In 
order to print the masters for an issue of Home Power, we bundled 
up all our computer gear and went to town where we rented a 
LaserPrinter and hoped everything came out right (which it never 
did...). We've dreamed of having our own printer and were alarmed 
to hear of a LaserPrinter frying and dying instantly on inverter 
power. Something to do with the essential incompatibility of 
thyristor power control and non-sinusoidal ac electricity... Is there 
anyone out there successfully running a laser printer powered by an 
inverter? Now a laser printer consumes almost 900 watts when 
operating. We went looking for alternatives. 


We discovered a 300 dpi ink jet printer made by Hewlett-Packard 
that is specifically designed to work with Mac computers. We paid 
our bucks ($885) and held our breath. The HP DeskWriter is 
powered via an oversized wall cube. The printer functions well, with 
no heat buildup, from inverter power. It consumes 26 watts while 
printing and less than 4 watts in standby. We were impressed. 
Quite a difference from the kilowatt consumed by laser printers. But 
the proof of the pudding is in the printing. 

We were astounded to see printed output from the DeskWriter that 
is comparable with laser printers. Graphics done at 300 dpi 
reproduce faithfully on the DeskWriter. The pixels are squarer than 
laser pixels and dimensions are truer to life. The DeskWriter is not 
a Postscript™ printer, but speaks QuickDraw™, the heart of the 
Mac graphics system. As a QuickDraw native, the DeskWriter 
prints more faithfully what is shown on the screen. And it does it 
faster. We decided to give it a tough task printing Stan Krute's 
illustration on page 4 of HP13. This illustration is full of 300 dpi dots 
and choaked the laser printer. Our page layout program refused 
repeatedly to print the image on the laser while giving cryptic screen 
messages like "Unknown Postscript Printing Error". The DeskWriter 
consumed the image and printed it in less than a minute. It took the 
laser over 3 minutes to decide that it wasn't going to print the image 
at all. The DeskWriter performs glitchlessly with all our software 
(RSG4.5, SuperPaint2.0., Excel2.0, Word4.0, and MacDrawill). 

The DeskWriter printer is very quiet when printing. It is cheaper to 
use (in terms of electricity, paper and ink) than our 72 dpi dot matrix 
ImageWriter. The DeskWriter costs about 1/2 to 1/4 of a laser 
printer and consumes about 97% less power. 

And how does it look? Well, you've been reading its output 
reproduced on this newsprint. We used the DeskWriter to make the 
masters for this issue. No trip to town, no massive power 
consumption, and no gastric ulcers because everything printed 
properly the very first time! Richard Perez 


Nerd's Corner 


More on Inverters and Electronics 

This is in response to the HP13 letter about TV interference. I'm 
running an RCA portable VCR docked into its 120 vac tuner/timer 
unit, feeding video (not modulated RF) directly to a Mitsubishi 
1371A computer monitor (I can't imagine why anyone would want 
HDTV after seeing the beautiful picture this gives!). Watching 
broadcast stations on generator power always worked fine, but 
running on my Heart HF24-2500X inverter | would always get more 
and more noise (short horizontal lines) in the picture as the battery 
voltage increased. By midday, the PVs raised the battery voltage to 
the point where the picture was totally overloaded with noise and 
the screen would go black. Running the antenna rotor also caused 
this kind of interference. Running either the VCR or the monitor on 
a separate inverter would cure the problem. Finally, | found that a 
big EMI filter, with four 3mH chokes and some capacitors inside, 
installed between the inverter and the VCR tuner/timer, and a 
smaller filter installed on the power cord to the rotor, solved all 
interference problems. EMI filters are commonly used in computer 
equipment (the monitor already has one, but not big enough to deal 
with the inverter power) and are available at many surplus outlets. 
You must connect the ground wire as well as the power wires to get 
full effect. You may have to try several filters before finding the 
right size, and one which does not buzz obtrusively. The one which 
solved my problems is about 1.5" X 2" X 2.5 - bigger than most. 
While playing with this filter, | discovered that a smaller 4 @ 1.6 mH 
filter left on the inverter almost eliminates the nasty audible buzz on 
idle, and adds on 30mA. to the inverter's idle current. 


AND- a report on the Telenexus phone line extender 

| have a 1.5 mile clear path for the radiotelephone link, which is very 
easy for the 2 Watt Telenexus units. The phone line end is on a 
pole in the middle of a field, with its own PV panel and battery. | 
brought the units home, wired them up, and everything worked the 
first time! Then | tried using a computer and modem... Neither 
Apple's "Personal Modem" nor a U.S. Robotics "Password" would 
work at 1200 baud. After reading an InfoWorld test of modems, | 
bought their highest rated Multitech "MultiModem 244EH" and was 
immediately able to run 1200 or 2400 baud and connect MNP error 
correction! When you are out on the raggedy end of the phone 
network, there are VERY significant differences between different 
brands of modems. 


Also connected to my end of the Telenexus is an AT&T HT-5500 
cordless phone. It comes with a wall transformer marked 14 VDC, 
which actually puts our a measured 17+ VDC, but the phone works 
fine connected directly to a 12 Volt battery. No polarity problems, 
no interference, and no noticeable reduction in range. As always, it 
is wise to add reverse voltage protection diodes when hacking on 
devices not intended for 12 Volt use. There is (wouldn't you know) 
one flaw- the phone uses "short tones", meaning that no matter how 
long you hold down the push buttons, the "touch-tones" are only 1/ 
1000 second in duration. Sometimes my central office doesn't hear 
them properly, and | can't be sure if it is because they are short, or 
not loud enough, or off frequency. | have been comparing various 
phones and find a wide variation in the pitches of the tones they 
make! I'm sure there are standards and tolerances for such things- 
does anyone know where to find them? 


The hardest part of installing the Telenexus was convincing the 
phone company they had connected me to a defective wireline! It 
took almost two months of complaining and listening to them say 
my intermittent noises were in the radio system, before they sent 
out a top techie and solved the problem of stray voltage in their 
wireline. Pac Bell's tech finally admitted my Telenexus provided a 
cleaner connection than the best wireline he could hook it to out 
here in Northwest Nowhere! Loren Amelang, Box 24, Philo, CA 
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95466-0024 » 707-895-3837. 
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Wiring for Reliability and Performance 
John Wiles 


Pv Modules will last more than 25 years and the rest of the system 
should be designed and assembled to provide equal reliability. 
Good Interconnections - A Must 


Good module interconnections are a must. Stranded 10 gauge 
USE wire is a good start. On older modules which have terminal 
screws and junction blocks, it is suggested that crimped and 
soldered ring terminals be used. Uninsulated terminals crimped 
with a crimping tool specifically designed for that style are best. 
Although solder has a higher resistivity than copper, it fills all of the 
remaining air voids and provides numerous parallel current paths to 
improve the connection. Insulated terminals can be used as a 
second choice, and they should also be soldered. If the screws are 
captive, then use spade terminals with hooked ends. With newer 
modules, be sure to torque the terminal screw and clamp to the 
manufacturer's specification. Hardware, auto supply stores and 
electrical supply houses usually carry ring and spade terminals. A 
mail order source is: Marlin P. Jones & Assoc., Lake Park, FL 407- 
848-8236. 

Wire 

Since stranded USE wire is not cheap, it is frequently spliced to a 
more reasonably priced wire or cable a short distance from the 
modules. Enough stranded wire should be used to allow for tracker 
motion and module servicing. Number 10-2 with ground type UF 
cable is a good low-cost choice to run from the area of the modules 
to the PV disconnect switch. A black or dark grey outer jacket is 
preferred for maximum sunlight resistance. On larger arrays, the 
wire gauge must be increased to handle the higher current and 
keep the losses to a minimum. Grey PVC conduit could also be 
used. 

Splicing 

The wires in this cable should be firmly 

twisted, soldered and then taped to the 

module interconnect wiring. Pressure 

connectors could be used for 

convenience in_ servicing, but the 

possibility of losses increases. The 

splices must be installed in an improved 

rainproof box which can be obtained at 

electrical supply houses for less than 

$20.00. Ask for a NEMA 3R box in the 

size needed. This junction box should be 

equipped with the proper bushings and 

cable clamps to prevent physical abuse to 

the wires and cables as they enter the 

knockouts on the box. 


More next issue from John Wiles at the 
SWRES. 

Dear Home Power Readers, 

Yes, experimenting in photovoltaics is 
fun--fun for both the amateur and 
beginner and fun for the experienced 
electrical engineer. But we must all keep 
firmly fixed in our minds that when we 
start implementing real HOME POWER 
(electricity for our homes), SAFETY is the 
first and last word. The ability to do work- 
-POWER-- also means the ability to do 
HARM and electricity can certainly 


accomplish much destruction and even death if used improperly 
and/or unwisely. 


A single twelve volt PV module cannot do much harm, but several 
modules connected to even a modest battery pose a significant 
hazard. The regional and national building codes and the National 
Electrical Codes were developed for our safety. As more and more 
areas of the country become civilized, greater areas will come 
under code jurisdiction. Although the codes and sometimes the 
inspectors are a little slow to respond to the latest technology, they 
in general do provide safe guidelines for building and wiring our 
homes. 


Many of us who are shade tree mechanics and back yard do it 
yourselfers feel that moving up to a PV powered home is second 
nature - as easy as falling off a log and not much more difficult than 
an afternoon tune up on an old truck. Although some of the 
principles are the same, the IMPLEMENTATION IS FAR 
DIFFERENT. PV systems can and have caused serious fires. 
Insurance companies may not insure a PV powered house unless 
wired by a competent person. Death can result from improper 
design, under rated components and improper installation. Wire 
may burn, batteries may explode, inverters may catch on fire, and 
other equally nasty events can ruin you and your families day 
unless your PV system is safely installed. 

THE BOTTOM LINE-- None of us can afford to experience property 
damage, injury, or loss, of life from a PV related accident. The PV 
industry cannot afford a string of such accidents. If such accidents 
started to become common place as our industry grows, then both 
the insurance companies and the building inspectors would shut us 
down. BE SAFE--GET HELP FROM A QUALIFIED PERSON IF 
YOU ARE UNSURE ABOUT WHAT YOU ARE DOING. 


John Wiles 505-646-6105 
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the Wizard Speaks... 


the Wizard Speaks... 


SOMETHING FOR 
NOTHING 


. It has been repeatedly said that you can't get 
something for nothing. This, however, is in 
danger of being overthrown. In this case the 
something is energy and the nothing is the empty space 
between the particles of matter. It has been theorized (by 
physicist John Wheeler at U of Texas- Austin) that a cubic 
centimeter of so-called "empty space" contains more energy 
than all the matter in the universe. This energy may exist in 
the form of non-directional random fields at all vibrational 
frequencies. A way to use this energy needs to be found. 


Approach 

It appears that material particles and their associated fields 
can have an effect on the energy fields of space. This effect 
is essentially one of applying order and direction to the 
random fields. Order from disorder. The approach is to 
create static and dynamic patterns of matter and its fields 
which will cause the random fields of space to become 
ordered. These ordered fields would then appear as 
forcefields which could be used for energy generation. 
Another use may be for anti-gravitic propulsion. 

Theory 

In reference to my article in Home Power #8, these 
space-energy fields could be seen as a randomly distributed, 
zero level, tachyon field capable of being brought into a higher 
level of manifestation by a set of geometric operators. These 
operators would be created by patterns of existent matter and 
its related fields. 

What Now? 

Advancement in this arena, both theoretical and practical, has 
been slow but steady. It is hoped that further developments 
will enable anti-entropic energy production without any heavy 
environmental consequences. A new order may be arising 
from the emptiness; a new Tao emerging from the void. 
Climb on board! 


Our recipe for self sufficiency... 
POWERHOUSE PAUL'S STREAM ENGINES™ 


Just add water! 


*Stand Alone Induction Generator Model, available up to 
2,000 Watts output $700. 


«Permanent Magnet Alternator Model for low heads 
and/or low voltages $800. 


«Automotive Alternator Model $400. 


Load Diverters for any voltage and up to 30 amp. 
capacity AC or DC $80. 
*Pelton Wheels $60. *Turgo Wheels $80. 


PRICES ARE U.S. CURRENCY & INCLUDE SHIPPING 
1 YEAR WARRANTY ON ALL ITEMS. 


P.O. Box 1557, Sussex, N.B., Canada EOE 1P0 
telephone: 506-433-3151 
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muddy roads 


muddy roads. 


by Woody Legg 
as told to Kathleen Jarschke-Schultze 


We had moved into a cabin by the River whose water line ran up 
the mountain side. We had been told, vaguely, that if the water 
stopped "there are a few places up the line that you can clean out.". 
But we had no idea where. It immediately became imperative to 
find these ‘few places' as the water stopped. 


So we started up the line, following it through the brush up the 
mountain, through the poison oak, up, up, and through until we 
came to a blackberry patch four feet high and | don't know how 
wide. Unable to face the prospect of beating our way through it 
Carol and | made our way around the patch and picked up the trail 
of the line on the far side and continued up. We traced the line a 
mile up and started back down cleaning out as we went. 


We came to an old wooden penstock that had rotted and blown out 
on one side. We knew it would have to be replaced. Down at the 
cabin we had found a fiberglass fish box, the kind they use on 
fishing boats. It fulfilled all the penstock qualities we needed. It was 
here, free, light, held about 70 gals. and was graded food safe. We 
moved it and cleaned the ditch at that point so that the water would 
run down the hill over the rocks and into the box. 


The problem was how to get the water out of the box and into the 
existing pipe without the water just spilling out of the box. The hole 
had to be far enough above the bottom of the box to let the sludge 
settle , but low enough from the top to still be covered with water in 
the summer. We had brought the fish box to the penstock area 
before we came up against how to get the right sized hole in the 
side. We didn't have a hole saw or electricity, even at the cabin. 


We did have a .22 rifle and Carol is a crack shot. She stood up hill 
to shoot down into the box and out the side, eight feet away, using 
shorts. She shot out the outline of a two inch hole in about 9 shots 
which we then connected the dots with a hacksaw blade. After 
applying sink gaskets and fittings it connected beautifully to the 
existing pipe. We went down the mountain triumphantly to wait for 
our water. 


We waited, and waited and waited some more. Finally we knew 
some thing was wrong so we went up to the penstock again. It was 
working beautifully. It was so full it was running over, plenty of 
water going into the pipe. We went down and waited some more. A 
small trickle of water started from the faucet. Knowing something 
else was needed we tracked the line through the dreaded 
blackberry patch and found our line was not the one we had 
followed and cleaned before. We traced our line and cleaned out 
the 3 traps and miracle of miracles, when we got home we had 
water. 


About 2 months later a man knocked on the door. He lived up the 


mountain a ways and had seen what we had done to his waterline. 
He was livid. He accused us of trying to stealing his water. Carol 
apologized and tried to explain but he would have none of it. He left 
in a huff. 

Then a week later another knock on the door brought the other man 
hooked into the erroneous waterline. 

"| see you've made some changes in my water system," he started 
out. Carol jumped in with an apology and explanation and promise 
to never touch his line again. 

"Whoa," He said, "| followed the line and | know you're not stealing 
the water. | just want to thank you for the new penstock and the 
work you did. In fact, I'd like to pay you for it." He pulled a fifty 
dollar bill from his wallet. 

"No, no ," we said, "It's all done now, no reason to pay us." He 
wanted to pay for the penstock-fishbox then. We explained that we 
had found the box at the cabin and thought we were repairing the 
cabin's water system with it. We went back and forth, him wanting 
to pay us and us not wanting to accept, being relieved he wasn't 
yelling at us. 

He told us he had followed the overflow from his penstock and 
found that it wended it's way down the hill to actually tie into our 
system. That was where the trickle of water had come from. He 
told us we were welcome to it, we had earned it. 

After he left we found the fifty dollar bill in the cabin where he had 
left it. We have been friends these many years since. 


CQ HOME POWER HAMS 


KE5HV * KG6MM « N6HWY « KB6HLR 
Regional Home Power Nets 
(local times indicate local nets) 

7.230 MHz on Sundays at 1330 Pacific, Central & Eastern. 
3.900 MHz on Wednesday at 2000 Pacific & Eastern time. 
14.290 MHz Sunday at 1900 UTC. 

Novices 
Wednesdays at 0300 UTC- 

7.107 to 7.110 MHz. Listen for Dave KB6HLR 
7.110 MHz on Wednesdays and Saturdays at 0500 UTC. 


CQ Novices and technicians, work on your code and up 
grade to general. Check into "Home Power CW Net” on 
Wednesday nites at 8 P.M. California time, 40 meters 
7.107.00-7.110.00 + QRM. No speed too slow. Don't be 
restricted to 2 meters. Get on HF and share your knowledge 
of alternative energy systems. Want to set up other times or 
frequency schedules? 

Write or call me Dave Roy KB6HLR, 100 Harbor Blvd. 
Space 16, Belmont, CA 94002, 415-595-4528 


Please remember: 

As of the April/May issue, Home Power Magazine 
will be going to a subscription of $6. per year (6 
issues) via Third Class US Mail. 


Send in yer six bucks and don't miss an issue! 
We tried to keep HP free, but all of you just love us 
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ATA Summer Photovoltaic Workshops 

The dates and locations of SUMMER PHOTOVOLTAIC 
WORKSHOPS taught by Appropriate Technology Assoc. (ATA) will 
be announced later this winter. Three intensive two week 
workshops are planned (see HP#13). There will be an East Coast, 
a West Coast and a Colorado workshop. If you want to be mailed 
detail info later this winter write Johnny Weiss, ATA, 410 Garfield, 
Carbondale, CO 81623 + 303-963-2682. Thanks HP readers for 
your patience! 

Sunnyside Solar 

Sunnyside Solar will present several one day Workshops in 
Brattleboro, VT. The program will be an introduction to independent 
electric systems and includes a hands-on assembly of a four 
module system. The 1990 schedule is March 31, May 5, June 9, 
July 14, August 18, September 22, and October 27. Each is ona 
Saturday from 9 A.M. to 4 P.M. The workshops cost $85. An 
advance registration deposit of $25 is required. Each Workshop is 
limited to the first eight deposits received. The day's program 
includes lunch, a packet of product info & related articles, & Komp 
and Davidson's "The New Solar Home". The principle presenter will 
be Richard Gottlieb whose experience spans 20 years. 

For more information contact Carol Levin, Sunnyside Solar, RD4 
Box 808, Green River RD., Brattleboro, VT 05301, 802-257-1482. 
Florida Solar Energy Center 

Photovoltaic System Design Workshops. Dates for 1990: March 
27-29, May 1-3, September 11-13, December 4-6. Location: All 
sessions will be held at the Florida Solar Energy Center in Cape 
Canaveral, FL. 

Contact JoAnn Stirling at the Florida Solar Energy Center, 300 State 
Rd. 401, Cape Canaveral, FL 32920, 407-783-0300. Cost: $150 for 
Florida residents, $300 for out-of-state residents. 

PVs Power Boat! 

The Good Ship Esther Foundation was organized this summer by 
Bruce Herron and Richard Orawiec of Michigan. Their immediate 
goal is to restore & rebuild the 93 year old/new "Esther" into a PV 
powered boat. Long term goals include educational projects about 
solar power. 

They plan to launch the SPS (Solar Powered Ship) Esther at S. 
Haven port of Lake MI on April 22, 1990, the 20th anniversary of 
Earth Day. In July, Esther's maiden voyage from South Haven, MI 
to Chicago will be the first solar powered crossing of Lake Michigan 
or any major body of water. 

The SPS Esther is 36 feet long with a 7.5 foot beam and will 
powered by 300 square feet of PV panels. Esther began life as US 
Navy captain's gig in 1896. The group plans refit her to exclusively 
PV power and use her as a solar demonstrator. Bruce and Richard 
plan water borne educational tours with the boat over the next six 
years. 

The Good Ship Esther Foundation is nonprofit and needs help for 
this amazing project. If you want to participate, help out financially, 
or just get their newsletter, then contact: Good Ship Esther 
Foundation, POB 265, Pullman, MI 49450, or call 616-236-6179 » 


Happenings 


616-543-4591 

21st IEEE Photovoltaic Specialists Conference 

The 21st IEEE PV Specialist Conference has been slated for May 
21-25, 1990, at the Hyatt Orlando Hotel in Kissimmee, FL. 
Technical sessions during the five day conference will cover 
photovoltaic technologies for both space and terrestrial applications. 
Specific topics will range from solar cell design, technology and 
measurements to system technology and experience. 

For more information call John Meakin, 302/451-1672. 

ARCO Solar Training Program 

Arco's PV Technology & System Design training program has a 
new two part format. The first is a home study course for $175. It 
consists of a training manual (text, review questions, suggestions 
for lab & measurements), newsletters, a set of audio tapes and the 
videotape "The World Of Solar Electricity". Upon successful 
completion of the review questions and exam, the person will be 
eligible to attend the 1 week hands-on, in depth training class for an 
additional $175. The 1990 courses will be held in Camarillo (Jan 
29- Feb 2; Mar 26-30; May 14-18; July 23-27; Nov 23-30), in 
Baltimore, Feb 26-Mar 2 and in the southeast U.S., Oct 15-19. 
Contact: Training Manager, ARCO Solar Inc., POB 6032, 


"LITTLE PRAIRIE ON THE HOUSE" 


Quiet, secure, energy efficient, earth sheltered 1488 sq. ft. 
home on almost 3/4 acre in Prescott Valley, Arizona. 2 
bedrooms, 2 bath, family room, kitchen (which includes 
electric range, frost free refirg. & dish washer, washer & 
dryer, all in excellent condition). This lovely home has 
carpet throughout, walk-in closet in the master bedroom, 
floor to ceiling drapes in the living room, 5 skylights, 
Pella windows, extensive custom wood trim & ceramic 
tile. Extensive erosion control & landscaping. Closed 
loop, heat transfer, passive solar hot water system. 
Included is a 14 X16 post & beam, insulated workshop 
with a stand alone solar power system. $73,000. 


For more information contact 
Warren and Bobbie Webbeking 
7231 Conestoga Way, Prescott Valley, AZ 86314 
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602-772-6827 


Letters To Home Power 


Letters to Home Power 


We Print 'em Unedited 


Selected, Entered, & Illustrated by Stan Krute 


Quake News From Davenport 


Dear Home Power 

The last 2 weeks have been a real testament to "Home Power" in the 
Santa Cruz Mts. For the second time this decade us back wood-sers 
have had relatively uninterrupted power while the Grid-connected folk 
have been down for days at a time. A society tied together by tubes and 
wires is hard to maintain when the earth relieves itself. 

One thing important when mounting batteries is to think not just of 
their tipping, but of 
their being tossed, 
and where the fluids 
will go if they get out. 
This was the only 
problem | have heard 
about on A.E. homes 
in the Quake. 

Incidentaly | would 
like to add one 
observation to Bob-O 
Schultze's informative ~ 
article "Controlling HydroElectric Systems" (HP #13). Alternator life 
seems to be the longest on systems where its temperature is kept above 
the dew point, i.e. dry. This varies greatly with climate and season. 
Generally the self-discharge load of a large battery bank is sufficient to 
keep the alternator adequately loaded, but in very moist conditions it 
may require more. 

Looking forward to the Energy Fair. 


Sincerely, 
Dan Harris, Harris HydroElectric, 632 Swanton Road, Davenport, 
California 95017 


Environmental and Economic Aspects of PVs 


This letter is in response to Mitch Lansky's query in HP #13 about the 
environmental impacts of PV production and their cost effectiveness. 

The largest part of the downside of PV use comes in its production. By 
production | mean the mining of raw materials, the refining and 
processing of these materials, and finally the use of these materials ina 
manufacturing process that results in the final product: a PV. 

Silicon-based PV manufacture is a very energy intensive process. | 
have seen estimates that the energy needed to manufacture a silicon 
cell PV is as high as 50% of what that PV will produce over the course of 
its lifetime. This includes the mining and transportation of the raw 
materials as well as the actual manufacturing process. And you can bet 
that this energy is derived from either fossil fuels or nuclear power 
(although it can be justly argued that the use of non-renewables to 
produce renewables is an appropriate technology). 

However, silicon-based PV's pose minor health risks compared to the 
manufacture of the thin-film or amorphous PV's. The 
processes used to manufacture thin-film, non-silicon PV's 
employ many toxic compounds. A partial listing of these 
‘Compounds includes the following gases: arsine, diborne, 
cadmium telluride, chlorosilane, hydrogen selenide, 
phosphine, silane, silicone telluride, trimethyl, copper 
indium diselenide, trimethyl zinc, gallium arsenide, and zinc 
phosphate. We can assume that the responsible PV 
manufacturers protect their employees and the 
environment from exposure to these toxins. However, this 

; may become another story when these compounds are 
disposed of. Waste gases and those released during manufacture are 
"caught" by wet scrubbers or thermal incinerators. The sludge or ash 
that is collected 


eventually becomes solid waste. Disposal of virtually all categories of 
toxins has come back to haunt us, showing up most often as 
groundwater problems (as have most mining ventures). To my way of 
thinking, this is the most serious threat posed by the manufacture of 
PV's. 

Another potential problem associated with PV manufacture is the use 
of RF (radio frequency) plasma systems and laser beams needed for 
their fabrication. While these are not hazards to you nor | as end users, 
they certainly pose a health threat to the person earning a living by 
working in a PV manufacturing facility. 

While many might think that this is all very picky, remember: there ain't 
no free lunch! PV's don't just appear out of thin air, or sunshine. There is 
an environmental price to pay for any energy system that we use. On the 
up side, though, it has been estimated that, when all factors have been 
considered, the manufacture of photovoltaics causes no greater 
environmental problems than the construction of conventional energy 
systems. And while conventional energy systems do pose environmental 
problems throughout their life cycles of energy production, the use of 
PV's (and most other renewables, for that matter), is harmless. 

For anyone interested, this information was gleaned from: 

Power Surge-The Status and Near-term Potential of Renewable 
Energy Technologies, by Nancy Rader, published by Public Citizen, May, 
1989, and available from Public Citizen, 215 Pennsylvania Ave, SE, 
Washington, DC, 20003, for $10; and 

Environmental Impacts of Renewable Energy, by the Organization For 
Economic Cooperation and Development, published by the OECD, Paris, 
France, 1988. 

The economics of PV's is a little harder to justify. As Richard replied, 
Mitch's 50-watt panel will produce 2,190,000 watt-hours of electricity 
during its 20-year lifetime. To those more accustomed to conventional 
units, that's 2,190 kilowatt-hours. 

At the national averge rate of 7.5 cents per kilowatt hour, this panel 
will produce $164.25 worth of electricity over its 20 years. This amount 
will vary throughout the country based on local prices. While California's 
average cost for electricity is 10.7 cents per kilowatt-hour, resulting ina 
total of $234.33 wotth of electricity produced in 20 years, Oregon's 
average cost for electricity is only 4.8 cents per kilowatt hour, yeielding 
only $105.12 worth of electricity in 20 years. 

If you paid $7.50 per watt, about the going retail price for PV's, the 
50-watt panel would have set you back $375 + tax. Not a good 
investment for a 20-year return of $164.25! That is, if you're competing 
with a heavily subsidized utility that has the ability to socialize many of its 
costs. Actually, if PV's had to compete directly with the utility selling 
electricity for 7.5 cents per kilowatt hour, the calculator says that the 
most we should pay for that 50-watt panel is $113.48, tax included 
(based on an inflation rate of 5% per year and an interest rate of 9% per 
year). 

But then, most of us are not into alternate energy to compete with the 
utilities. | would assume that most of us are into alternate energy either 
because the utility is not a cost-effective option, or out of principle, or 
both. 


Mick Sagrillo, Lake Michigan Wind & Sun, 
E3971 Bluebird Road, Forestville, 
Wisconsin 54213 


Thanks for the detailed 
information, Mick. Looks 
like conservation 
remains the cheapest 
lowest-polluting power 
source. SK. 


Quake News From South of Hollister 
Hi! 

Just last week | wrote saying how | had hoped to read about PV in the 
"Hugo disaster". Well this letter is right from the Quake! 

We live south of Hollister, which is now on its 2nd day without "power". 
We never were without power! Our PV system and propane refrigerator 
kept us "online", and I'm only sorry we weren't closer to help others 
immediately after, and also for them to see, for themselves, how PV 
does work, even after and during a disaster. Luckily, our house (in 
construction) is AOK, and the "living-experiment" setup of PV, which we 


40 


Home Power #14 * December 1989/January 1990 


will soon put onto the house, worked like a charm, even in its "crude" 
setup (only 10 amps now). 

PV is the future - NOW. Too bad the "rebuilding" doesn't include it 
now. 


Katcha Sanderson, 20295 Panoche Road, Paicines, California 95043 


Retired Hero Seeks 12 Volt Cool 

| would like to know how (if possible) to build a 12 volt 
air conditioner (want to air condition a 28' long by 14.5' 
room). 

Also would like to know how to build a 12 volt fan 
(about 20" fan). Can | rewire my present AC 20" box fan 
for my 12 volt system ? If yes, how ? Thank you. 

lam a retired school teacher, living in the beautiful 
Ozark Mountains - deep in the woods and love it ! (Live 
in Pruitt, Arkansas). 


Dr. Mary Welch, P.O. Box 118, Jasper, Arkansas 72641 


Enjoy Everything You Have 


Dear Folks, 

Your stand alone survey was enough to finally get me motivated to 
take the time to send you the letter of thanks I've always meant to. Your 
publication was a delight and surprise to discover. It continues to inform, 
entertain, and reassure me that there really are a lot of people who care 
about clean, sane, and responsible energy solutions to mankind's 
electrical habit. 

Using "home power" as a tutor and reference tool has saved me 
hundreds of dollars and countless hours of work and research. Also the 
confidence to approach energy production "hands on". 

Generating "home power" has given me a sense of well being and 
pride in living independently and in harmony with our planet. A more 
responsible outlook and sense of priority in my "consumer self". 

Not to have everything you enjoy. 
But to enjoy everything you have. 

Continue your valuable work educating the source of power 

requirements, the consumers of power. Your belief in what you are doing 


shines through in every issue. I'm proud to be a part of the "off grid 
revolution". Thanks again. 


Doug Yuskia, Russel Valley, California 95734 
P.S. Where the Hell is Hornbrook ? 


You're welcome, Doug. When the readers get revved up so do we. And 
Hornbrook is on the Klamath River, in California, right next to Oregon, 
about 90 miles inland from the coast, and fifteen miles from the Home 
Power offices. SK. 


Tweaking The Simple Field Controller 


Dear Home Power People, 

In HP #2 (page 23) Richard Perez gave us plans for a simple and 
useful generator utilizing an automotive alternator, powered by a 
lawnmower engine. 

We use such a generator, and would like to offer an improvement. 
When wired with Perez's basic resistive field controller, the field input will 


draw down the batteries when the generator is idle, unless disconnected. 


This means the machine must be attended and switched manually. 

To avoid irritating noise, we prefer to run the engine while away from 
home. With the circuit shown below, it is possible to simple let the 
generator run until it is out of gas, since the power will be automatically 
disconnected when charging stops. 


<) 30 AMP MOMENTARY 
NAM Y piove °7 SWITCH 
FIELD. 30 AMP BATTERY 
Auto \_?2. INPUT | AUTO E 
ALTERNATOR RELAY aye 


A common auto relay (such as used for auxiliary lights), is held closed 
by the alternator output. The diode prevents current from the batteries 
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operating the relay. A momentary switch is needed to bypass the 
diode for an instant, to energize the alternator field, and thus initiate 
charging (after the engine is running). 

Also, for high output alternators, check into emergency vehicles. Fire, 
police, ambulance units are often 100 amps plus. Military vehicles of the 
"M" series (Fifties thru Seventies Jeeps and trucks) used high quality 24 
volt alternators of 25 to 100 amps, and are easily available from surplus 
dealers. 


Yours for No Nukes, 
Peter Ladd, RFD #2, Newmarket Road, Warner, New Hampshire 03278 


Cheap Water Tricks & Three Dot Journalism 


Dear Friends at Home Power 

We have a combination of PG&E and solar panels. Bit by bit ... we are 
increasing our solar capacity. | have four panels ... two 47-watt panels 
on the pump ... & 37-watt and 23-watt panels for lights ... My friend has 
ten 23-watt panels ... & both of us have batteries ... 

We are at the bottom of a bowl. We live in Rackerby Valley ... 
between Bangor & Rackerby, California, & are surrounded on all sides 
by mountains. (We live in the foothills of the Sierras...) & windpower is 
not sufficient for a wind generator. ... & the water in Honcut Creek is not 
sufficient for hydroelectric power ... so solar is our only alternative at 
present. 

| have not put PG & E power in at my place ... so in the future ... solar 
& kerosene will be my lights ... & | have a propane stove for cooking & a 
wood stove for heat. | have a 47-foot mobile home. ... & | have invented 
a way to keep food cold using the inside basket of a washing machine. 
... Will not keep cooked foods for long but works well, even in the heat of 
the summer, for raw fruits & vegetables ... & will keep water comfortably 
cool ... even in 110° weather. 

What | wanted to tell you about is our 'sprinkler system’ ... | have a 
Flowlight pump in a well pumping with 24 volts from 70 feet. It gives us a 
bit under a gallon a minute of water. But it takes 3 gallons a minute to run 
a 'rainbird'. So this is well below the amount we need for watering the 
garden with a 'rainbird' sprinkler. 

At the hardware store we found a small plastic whirl-i-ma-gig whizzer 
which is called a ‘full circle spinner’. It does not take much water 
pressure & will water an 8 foot circle ... & more if there is more pressure 
... (| have a solar 24-volt pump with a half-inch hose on it so there isn't 
much water.) | can run 3 of these at a time. They have a 3/8 inch base ... 
so we had to get an adapter to fit into the 1/2 inch pipe. | put 2 on one 
sprinkler & one on the other. | made them out of 1/2 inch PVC pipe. | put 
the adapter into a threaded tee and ran the pipe about four or five feet 
away & putting the second one in. this will water two ten foot rows at a 
time. ... & if it is put up on a small stand ... where it is above the foliage 


SPINNER SPINNER 
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of the plants it will reach farther. 

It is necessary to put legs on the pipe or it will turn over. ... Then on 
the hose end ... | put a hose coupling so | could attach it to a hose. ... & | 
put a metal Y on the hose with turn off's on it so | could turn the water 
from one spot to another without having to move the whole thing. 

| just use one leg in the front to balance this ... if you don't use these 
legs the sprinkler will have a tendency to turn sideways & it doesn't work 
nice. ...with the legs ... it stays upright & does it's work ... Using just one 
leg in the front makes it easier to adjust it to the plants. With a small 
output from the pump ... it is not wise to use a larger pipe on this. 

| have another solar adaptation. ... Every summer ... there is not 
enough water for everyone here & the gardens. ... There are five of us 
on two wells & a spring. We are on the top of the hill so when the water 
table drops ... & water pressure does too ... we run out of water in the 
pipes ... & in our area ... in the summer ... it gets hot ... 

We have another solar adaptation ... Every summer ... there is not 
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enough water for everyone here & the gardens ... There are five of us 
on two wells & a spring. We are on the top of the hill so when the water 
table drops ... & water pressure does too ... we run out of water in the 
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pipes ... & in our area ... in the summer ... it gets hot ... 

We have a swamp-type air-conditioning unit. But although the PG&E 
current will run the motor & the pump for the cooler ... we don't have a 
constant water supply for the cooler basin will run the motor & the pump 
for the cooler ... we don't have a constant water supply for the cooler 
basin. ... so the cooler can't cool the air. 

In order to meet this problem ... | have a poney pump ... 12 volts ... 
hitched up to my panels with batteries ... which keeps the batteries 
charged up even when we are using them. 

For water for the poney pump ... | have a 50 gallon barrel at the 
corner of the house ... & | fill it every morning early ... before the rest get 
up & the water gets low. ... | have a short hose in the barrel for the 
pump to suck up its water supply & | run a garden hose up to the cooler 
... & | have a turn-off switch on the poney pump ... which keeps itself 
primed ... & when | feel warm air coming from the cooler ... | go out & 
run the poney pump for as long as | need to ... (until | see water run off 
the roof) ... & then shut it off. Thus we are not without our cooler even 
though we are out of water ... the 50 gallons lasts a couple of days so 
when | fill it |am assured of at least two day’’s of water for the cooler. 

Before | got my panels ... | used my battery chargers on a car battery 
to run the pump ... They kept the battery charged nicely ... & the car 
would start alright if | wanted to move it ... | don't run the pump 
constantly ... Just when the cooler runs out of water. 

Before we got our water supply properly set up ... | used the poney 
pump to get water from a spring that was below the house. | put a 
garden hose in the spring & filled 5 gallon jugs in the car ... | couldn't get 
my car close enough to the spring to use a shorter hose to the pump ... 
so | used two 25-foot hoses. ... one into the pump ... & the other out. ... 
later as | advanced inknowledge & equipment ... | ran the pump ona 
23-volt panel ... which | put out in the sun. ... 

My present project is a 1/4 horsepower motor & a bilge pump on the 
cooler so we can run the cooler on 24 volts for the motor & 12 volts for 
the pump ... for our air-conditioning next summer. 

| am also planning on converting a washing machine for home use. ... 
that will take more time ... 


Sincerely, 
Catherine G. Curtis D.C., P.O. Box 138, Bangor, California 95914 


Another Simple Solar Water Heater 


Dear Home Power 

| am glad that a friend of mine gave me a subscription form to send to 
you folks, | only expected to get one issue and it is still coming. Thanks a 
bunch. 

| am building a house now. | plan to go for PV electricity. | have power 
only 150 feet from the house but am going for no light bill. 

Enclosed find a drawing of a solar water heater that | made three 
years ago that sure works. We don't get down too cold here but (it is too 


cold for me and water) | have a heat gauge on my water (top tank) and 
the coldest my water has been in the solar tanks is 68° and it usually 
starts out in the morning between 70° and 90° and gets to 120° to 130° 
most days. Winter and summer. So you can't go wrong when you can 


use all used stuff. 


30 GALLON 
GROUND WATER TANK 
oe os | 
30 GALLON 
WATER TANK CEMENT 
% BUT ADOBE IS BETTER 
IN OUR AREA 


GROUND 


END VIEW 


GLASS 


THE ENTIRE THING SHOULD BE 
INSULATED ON THE INSIDE. 


30 GALLON 
TANKS 


THE TOP OF THE ROCKS SHOULD BE 
PAINTED FLAT BLACK AND 
TANKS SHOULD BE PAINTED FLAT BLACK. 


ROCKS 


TANKS SET ABOUT 3” APART x LINE TO HOUSE OR GAS WATER HEATER 


AND ON ABOUT THE SAME 


ANGLE AS YOUR GLASS TANKS SHOULD 


BE LEVEL 


USED 


30 GALLON WATER FROM 
WATER TANKS BOTTOM TANK 
TO TOP 


“W. water IN 


Even if it won't give 100% if it gives 50% you are ahead 50%. In this 
area | feel | get between 70 and 80%. 

| would like to see lots of these installed. | have doors on mine and 
close them at night and on cloudy days. 


Thanks 
Loyd Berlier, Star Route 2, Box 17, Deming, New Mexico 88030/ 


Of Pools and Ponds & Cheap Refrigerator Tricks 


Home Power 

I'm glad to see that interest is growing in areas such as swimming pool 
filters. Pool filtration is a perfect example of how a change in lifestyle can 
lower energy requirements to a level easily handled by solar power. 

While it is important to remember that such terrors as the polio 
epidemic of the 1950's were associated with public swimming pools, the 
sanitation requirements of public swimming pools should not be rigidly 
applied to the average home pond. 

For example: the algae that grows on the walls of a home pond is a 
resource which can be directly deposited on the home orchard during a 
combination pool cleaning/irrigation. Brush the pond in the evening. Let it 
settle overnight, and vacuum it in the morning. A standard 1.25" inch 
pool vacuum hose needs only two feet of sipon fall, bleow the pool 
surface, in order to operator very well. More fall simple gives more 
vacuum power. You will find that you would like your pond to produce 
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more algae thatn it does. The energy and chemicals employed to stop 
algae production in home ponds are anti-environment. 

The idea is to work with the environment rather than fight it. Notice 
that natural streams have clear water and mossy rocks and logs. And 
that such water is good to drink. Utilize this knowledge for greater 
enjoyment of the home pond. 

A very small flow of new water will go a long way toward keeping the 
water clear. Cloudy water is referred to as turbid. An important fact is that 
the zone of maximum turbidity is 18" to 24" below the surface. Seasons 
are also important to pond maiuntenance. Filtration in summer, when the 
water is warm, is far more important than winter. If your water turns 
bright green in summer, and you have nothing to irrigate with it, you will 
need a fine particle filter such as diatomaceous earth. 

A very small flow of new water into the pond will skim surface debris 
from the pond before it settles and creates a mess. One to two quarts 
per minute is enough. Let this water run over a collection spot and use it 
in the garden. If your land is flat, and you cannot direct this continuous 
overflow without piping, then let the overflow store in a small tank for 
later use. The overflow spot should be perfectly level and about one foot 
wide. 


WATER SURFACE 
NEW SKIM WATER 1-2 QTS/MIN oe 


TURBIDITY 2 


SAND FILTER 
POND 


A 


or rN 
PERFORATED \ 
PIPE OVERFLOW 
SOLAR PUMP BACK 


TO POND 
OPTIONAL 


“ sFINE 
FILTER 


FOUNTAIN 


If you are short on water or cannot utilize extra water, the entire 
system can go through a sand filter and diatomaceous earth. Sand filters 
are easy to make. They are simply a leach field operating in reverse. 
Perforated pipe wrapped with a brass screen, which has holes smaller 
than the sand particles, is buried in sand. This pipe leads to the intake of 
your solar pump. An old bathtub is a perfect sand filter box, anything will 
do. 

One 48-watt solar panel, one linear current booster, and one small 
pump, such as a Floject diaphragm pump model #4300-732, will take 
care of an average home pond. Your water will not be as clear as a 
public pool, but, on the other hand, it won't be chemicalized water, either. 

There is one last point to make this system complete. Plumbing must 
be set up so that high-pressure water can be run backwards through the 
sand filter. This water cleans the muck out of the sand by flowing out of 
the screened pipe, overflowing the filter tank, and proceeding through 
your highly imaginative plumbing system, to the garden. Another source 
of great fertilizer |! 1 suggest a fountain-like return to the pond so that 
there is a constant visual reminder of what one or two solar panels are 
doing. If you can afford it, use two panels. Make a show of it. 

One last point is important here, that is, the pond itself. The letter 
which motivated me to write this referred to a plastic pond, which was 
going to be replaced. The energy and resource use to make a plastic 
ond is not much less than concrete and steel. Ferro cement technology, 
utilized in boat building, but much less technical for ponds, is great. If 
interest is expressed | will be happy to write an article about ferro-cement 
for the next issue of Home Power. 


Sincerely, 


Garrett Connelly, Environmental Economics, 300 West Mountain Drive, 
Santa Barbara, California 93103 


P.S. -- RE: Pool Filtration systems 

Sighting of the home pond is very important for turbidity management. 
Put your pond in the afternoon shade. The cooler water, just enough be 
refreshing, will also inhibit algae growth. A pond in full sun is more work, 
even considering leaf fall. Also, a few mosquito fish will keep your pond 
from being a breeding ground of that pest, the mosquito. 


18" to 
CB STOCK TANK FLOAT VALVE | MAXIMel J 4" 


Letters To Home Power 


P.P.S. -- It's time to turn off refrigerators and move them to a cool place. 
(A few extra steps won't hurt). 

If it's too much trouble to move the fridge, and you see the logic of 
turning it off for the winter, 

Do this: 

1) The sides are pretty much plastic and insulation. 

2) Buy a 3.5" hole saw. Cut through the outer fridge plastic (maybe 
sheet metal). 

3) Gouge out the insulation by hand, make sure no tubes or wires are 
in the way. 

4) Finish the hole through the inner plastic liner. 

5) Do the same thing through the wall of your house. 

6) Stick a pipe down from fridge to the cold air outside. Screen the 
piep. 

7) Insulate the pipe. 

8) Turn fridge off till it's too hot for natural cold. 

9) Store the 3" black ABS or white PVC 'til the next winter. (3" pipe 
needs 3.5" hole). 

10) Patch the holes for summer. 


NORTHERN 
ALTERNATE 
POWER 
SYSTEMS 


Distributors in Canada for: 
Kyocera, Trace, Heliotrope, Flowlight, 
Solarjack, Magnacharge Batteries 
& Home Power Magazine. 


Trace 2012- $1.395. Canadian 

Kyocera 48 Watt PV Module- $415. Canadian 
Heliotrope PSTT WF-12 2300 Inverter $1700. CDN 
Heliotrope CC-20 Charge controller $235. CDN 
Trace C30-A Charge Controller $130. CDN 
Danfoss 12V Compressor & Control $335. CDN 


No sales, Just the everydaylowest prices in 
Canada 


Full line of AE products eDealer Inquiries Invited 


Bob & Marge McCormick 
P.O, Box 14 
Pink Mountain, B.C. Canada VOC 2B0 


Ph: JP25683 Ft. Nelson, BC Mobile Operator 101 
Miniker Channels 
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Home Power's Business 


Home Power's 


Business 


"The man who on his trade relies 
Must either bust or advertise." 


Thomas Lipton - 1870. 


Display Advertising 


Full Page $1,200 67.5 sq. in. 
Half Page $672 33.8 sq. in. 
Third Page $480 22.5 sq. in. 


$377 16.9 sq. in. 
Sixth Page $267 11.3 sq. in. 
Eighth Page $214 


Maximimum Vertical Ad size is 9 inches 
Maximum Horizontal Ad size is 7.5 inches 


We can set up and lay out your display ad. Camera 
ready advertising is also accepted. For current, detailed 
reader demographics, call us. 


Long term display advertising is discounted, so buy 
ahead and save. 


Home Power is published bi-monthly. Ad Deadline for 
the Feb/Mar 90 issue (HP#15) is 15 Jan 90. 


Call 916-475-3179 for further details. 


International Subscriptions 


Due to the high cost of international mailing & packaging, 
we must charge for copies of Home Power that are mailed 
anywhere that doesn't have a US ZIP CODE. 
2 YEAR- 12 ISSUES 
INTERNATIONAL RATES: 
Canada: $16. Can. Contact Northern Alternative Power 
Systems, POB 14, Pink Mountain, BC VOC 2B0 
Mexico: Air- $24. Surface: $21. 
Central America, Bahamas, Bermuda, Columbia and 
Venezuela: Air- $32. Surface: $ 23. 
South America ( except Columbia and Venezuela), 
Europe, North Africa: Air- $40. Surface- $23. 
Asia, Australia, New Zealand,Pacific Ocean Islands, 
Africa (other than North Africa), Indian Ocean Islands, 
& the Middle East- Air $49. Surface $23. 
All payments in US currency ONLY! 


Surface shipping may take up to 2 months to get to you. 
All issues shipped in mailing envelopes to withstand the 
rigors of international mailing. If you have friends with a 
US Zip code who regularly send you packages, then we 
can ship them an extra free copy for forwarding to you. 


Home Power Mercantile 


One insertion per customer per issue. 

We typeset all ads. We do the best we can to make 
your ad look good. If you send too much copy, then 
you're bound to be disappointed. Flat Rate $80. 
Advance payment only, we don't bill Mercantile Ads. 
Your canceled check is your receipt. 


Back Issues 


All back issues are $2 ($3. outside US) each, while they 
last. Shipped in an envelope via First Class US mail. 


Issues 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13 & 14 are currently 
available. Sorry no more Issue #1s are available. 


Home Power Magazine 
POB 130, Hornbrook, CA 96044 


Micro Ads 


These ads are designed for individuals rather than 
companies. So use your discretion. The rates are 10¢ 
per character, including spaces & punctuation. 

$15. minimum per insertion. Send check with your ad. 


Printing & Distribution Info for HP#14 


# Copies Printed = 20,000 

# Copies mailed under 3rd Class labels = 14,933 
# Copies shipped in bulk = 2,313 

Call or write for bulk shipment info. 


First Class Home Power 


Home Power Magazine (6 issues) via FIRST CLASS US 
DOMESTIC MAIL for $20. Many of you have asked for 
faster and more reliable delivery of your issues. So here 
it is: FIRST CLASS HOME POWER. 


Third Class Home Power 


Home Power Magazine (6 issues) viaTHIRD CLASS US 
DOMESTIC MAIL for $6. NOTE: Third Class mail is not 
forwardable. If you move, you must let us know. 
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MicroAds 


Rates: 10¢ per CHARACTER, include spaces & 
punctuation. $15 minimum per insertion. Please send 
check with ad. Your cancelled check is your receipt. 


PLANET FEST "90 - large ecological networking event and 
alternative energy exposition - July 12-15, 1990 - S.A.S.E. to 
EARTH-BASE PROJEX, P.O. BOX 1328, Bloomington, Indiana 
47402-1328 


HOME POWER CLUB forming in ITHACA, NY. Exchange ideas, 
experiences, product info, frustrations, etc. Call or write for date 
and location of first meeting. Chris & Pam, RD1 Box 136A, 
Berkshire, NY 13736. 607-692-7103 (keep trying)! 


"LITTLE PRAIRIE ON THE HOUSE" quiet, secure, energy efficient, 
passive solar, earth sheltered home. Almost 3/4 acre, 1488 sq. ft., 
2 bdr, 2 ba, solar hot water, 5 skylights. Also 14 X 16 solar powered 
work shop. $73,000. Warren & Bobbie Webbeking, 7231 
Conestoga Way, Prescott VAlley, AZ 86314 (602) 772-6827 


JACOBS WIND ELECTRIC replacement parts, new blades, and 
blade-actuated governors. We make replacement parts and have 
new blades for most all wind generators, pre-REA to present 
models. Many used parts, too. Lots of used equipment available: 
wind generators, towers, both synchronous and stand alone 
inverters, and Aermotor waterpumpers. Best prices on TRACE 
inverters and SOVONICS PV's. Information: $1; specify interests. 
Lake Michigan Wind & Sun, 3971 E Bluebird RD., Forestville, WI 
54213 Phone 414-837-2267. 


ALTERNATIVE ENERGY EQUIPMENT CATALOG. Everything for 
stand alone power generation, PV's, Hydro-Electric, Wind 
Generators, Inverters, Water Pumps, Regulators, Refrigeration, 
Tools, Books, and much more. 92 pages with design guides. $3. 
US, $6. foreign: WESCO, Box 936-HP, REDWAY, CA 95560 


REMOTE LAND AVAILABLE through government programs. Any 
U.S. citizen can use these little known laws to get that place in the 
sun. For information send $1.00 to Ridgehaven PO Box 862 Glen 
Ellen, CA 95442 


LEARN TO TRAP, FARM, DREAM. Five Issues $9. Living Among 
Nature Daringly Magazine, 4466 Ike Mooney Rd., Silverton, OR 
97381 Samples: $2.50. 


PORTABLE DOMES AND GREENHOUSES: 20 minutes set up! 
10 to 18 foot diameter. Proven performance and reliability. Many 
models. Send $1.00 for catalog. SHELTER SYSTEMS, PO Box 
67-HP, Aptos, CA 95001 (408) 662-2821 


1989 GUIDE TO UNUSUAL HOW-TO SOURCES. Describes 50 
periodicals & handbooks on backyard tech, camping, crafts, finding 
new friends, gardening, home education, low-cost shelters, travel, 
woodslore, etc. All addresses are included. Free for SASE. Light 
Living Library POB 190-HO, Philomath, OR 97370 


ENERGY SPECIALISTS- Best available prices on alternative 
energy products. We carry a full line of ARCO photovoltaics, Trace 
inverters, Yamaha generators, Sibir gas refrigerators, hydroelectric 
and water pumping equipment. We have made a major purchase 
and are offering specials limited to stock on hand. Solavolt 45 watt 


Home Power Micro Ads 


module (10 yr warranty) 299. BP 40 watt(10yr) 275. ARCO M75's 
335.00. Trace 2024 SB 1225.00. Statpower 100 watt inverter 109. 
Sibir gas refrigerators 925.00 For your energy needs whether it be 
starting a system or expanding your existing power call 916-392- 
7526 or write to PO Box 188710, Sacramento, California 95818 


HOW TO BUILD THE 5,000 GALLON FERRO-CEMENT WATER 
TANK that needs no building permit and lasts 7 generations. 
Complete full sized step by step instructions. $10.00 
RIDGEHAVEN, POB 849, Glen Ellen, CA 95442 


PURE CASTILE & VEGETARIAN SOAPS. Handmade in an AE 
environment of the finest ingredients, we have soaps, cremes, bath 
salts and more. Send for our FREE brochure: SIMMONS 
HANDCRAFTS 42295AE, Hwy 36, Bridgeville, CA 95526 


SUBSCRIBE TO SUNWATER ENERGY NEWS: Featuring state- 
of-the-art EchoLite PV power packages, components and mounting 
systems. Information about controllers, inverters, batteries, 
modules, lighting, etc. $1.00 SUNWATER: 219 Van Ness Avenue, 
Santa Cruz, CA. 95060 (408) 423-2429. 


CEILING FANS,12 VDC, draws only 0.4 amp, 42" diam. oak blades. 
Send S.A.S.E., for brochure and name of dealer nearest you, to 
R.C.H., 2173 Rocky Creek Rd, Colville, WA 99114 


KYOCERA HELIOTROPE TROJAN SURRETTE SUNFROST 
SOLARJACK products at the lowest prices. Quotes by phone (AM) 
or letter. SYSTEM ELECTRIC, Box 67, Lyndon, VT 05849. 802- 
626-5537. 


SALE, 2 Brand New 4 Kw Wind & Sun Wind Chargers, still in 
shipping crates. $3500.00 each. Paul Isaak, Box 219, Soldotna, 
AK 99669 


12 VOLT PRODUCTS! Bug zapper, chainsaw, coffemakers, drill, 
frying pan, hair dryer, massager, refrigerators, space heater, toaster 
& many more! Prompt shipment. Catalog - $2 (refundable). 12 
VOLT PRODUCTS, INC. P.O. Box 663-HP, Holland, PA 18966 1- 
800-999-VOLT 


| WANT TO GET IN TOUCH WITH ENGINEERS and solar 
enthusiasts interested in building parabolic mirrors and powering 
heat cycle refrigerators, steam motors, and vapor cycle pumps with 
them. Michael Meredith, 6105 Calico Pool Ln., Burke, VA. 22015 


NEW CONCEPT IN SOLAR COOKING! The SUNNY SOLAR 
COOKER is an old idea made practical by patented innovations 
which have set it apart as the world's premier sun-fueled cooker. 
The Sunny's rugged, yet attractive, construction is lightweight (26 
lbs.) and portable (20 X 20 X 10"), and sets up in seconds with no 
bulky reflector flaps. The aerodynamic design withstands high 
winds without disruption, the swivel housing operates with ease, 
and the revolutionary metal cooking chamber and reflector module 
promotes quick and superior heat concentration. You can be a part 
of the future of solar cooking by building, with your own basic skills, 
your very own Sunny thanks to a professionally illustrated, easy-to- 
follow 8 1/2" X 11", 33 page booklet: "BUILD YOUR OWN SUNNY 
SOLAR COOKER"...which includes the basics of solar cooking and 
food preparation. (Money-back guarantee.) Send $9.95 (check or 
money order) to SUN, P.O. Box (C)630816, Miami, Florida 33163. 


LEARN HOW TO MAKE YOUR OWN NATURAL, great-tasting beer 
(ale). Home brewing is a fast-growing interesting hobby. Write for 
our informative, free catalog. The Homebrewer's Store PO Box 
82736, Kenmore, WA 98028. 


INVERTER SALE Before buying your Trace Inverter, check with 
us. Our prices are hard to beat. Send S.A.S.E. to R.C.H., 2173 
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Rocky Creek Rd., Colville, WA 99114. 


Ad Index « Mercs « Micros 


FRUIT TREES for coldest climates. Hybrid Siberian Pears, Apples, 
Crabapples, Plums, bush fruit. Handbook/catalog $1 Refundable 
with order. Moosebell, Rt1 Box 240, St Francis, Maine 04774 


FOR SALE: Heart model HF24-2500SX, 2500 watt inverter, 24 volt 
input and SCI Charger Model 1. Both in excellent condition. Both 
for $1,000. Tom Casteel, POB 911, Fort Jones, CA 96032 


MILITARY SURPLUS GENERATORS, MOD PU-532. All like new, 
good for lighting/battery charging etc. 3 outputs: (1) 110-V 400 
cycle ac at 500 watts; (2) 30-volts DC at 17 amps; (3) 24-volts DC at 
2.5 amps. 20 units available. $115.00 each. Dave or Marc, 916- 
459-5445 Days, 10 AM to 5 PM. 


MAGAMEX WOOD WATER HEATER Brand New. Bought several, 
can share if you appreciate them as | do. Send $179. Money Order, 
includes shipping via UPS. Pat Olsson, 13390 Meadow Springs 
Rd., Oroville, CA 95965 


7.5 K.W. DIESEL GENERATOR. Slow speed 3 cylinder Mitsubishi 
water cooled engine. Lima MAC brushless self regulating 
alternator. Skid mounted, new, never used, $4000 or trade for PVs, 
wind plant, inverter or ? 1-602-398-9327 delivery available 


COUNTRY CARETAKER - GREEN TORTOISE ALTERNATIVE 
BUS CO. needs highly motivated care person or couple at our 
simulated state park beyond the power lines, SW of Roseburg, OR. 
Duties include hosting buses full of New Age travelers, tending 
riverside sauna, trail maintenance, light carpentry and electrics. 
Beautiful garden site and potential for alternative energy exhibits. 
$100 a week + housing, truck, food and phone. Class II drivers 
could further supplement their income. Apply - Caretaker Green 
Tortoise Box 24459, S.F., CA 94124 or contact REX 415-821-0803 


TRY HOME POWER IN DRIFTLESS WISCONSIN. Rent 25 acres, 
1600 solar SF, 9 ARCO PV, 12 battery, Trace 2012, gas REF, hot 
tub, fuel wood, spring, garden, $300-500 neg. 608-546-4589 or 
303-482-0698 


RIGHT LIVELIHOOD: We're seeking those currently employed or 
independent with teaching, management, sales, or own-business 
backgrounds. Call 619-261-3576 for recording. 


FREE CATALOG, Public Domain & Shareware, |.B.M./Compatible, 
Programs for $3.00. TONY'S SOFTWARE, P.O. Box 12418, Las 
Vegas, NV 89112 


WANTED - 32 Volt items for museum, appliances, radios, power 
tools, gas/diesel generators, literature & advertising, etc. Thanks for 
any leads. E. Bayly, 1302 W 5th St, Duluth, MN 55806 


HOW TO BUILD: Low cost greenhouse plans, $15. Solar oven $3. 
RI Solar Energy, Box 2705, Providence, RI 02907 


5 WOODED ACRES - SW OREGON. Creek, Sun, Road, Privacy. 
30 miles from Klamath Falls. Near Fremont National Forest. Only 
$5,000.00. RIDGEHAVEN POB 849 Glen Ellen CA 95442 


BACKWARDS TO THE FUTURE--photovoltaic systems sold & 
installed. Sovonics Solar Systems dealer--made in Michigan, 
U.S.A. Full line of energy efficient appliances. Licensed & insured 
contractor specializing in solar. B.T.F. Ltd. Box 255 Pullman MI, 
49450, 616-236-6179. 


ARCO PV MODULES only $210 (plus shipping), Low Cost Pumps, 
Heavy Duty 0-15 Amp Meters for $15 pp, Wind Measuring 
Instruments, DC Motors for Pumps, Fans, Tools. KANSAS WIND 
POWER (See Mercantile Ad) 


FOR SALE 2-35 WATT, 12 VLT SOLAR PANELS-$175 ea. (350.00 
for both). SCI Chargers, 12 VLT 30 Amp - 40.00. EG 5000X Honda 
Generator, 5KW, 30 Amp Like New! Cost 1800.00, asking 850.00. 
Ph. eve. 916-477-8416 


ASSIST IN R & D of new solar hot water heating system. System, 
control pump and drain down-valve supplied in return for data 
collection. Need volunteer in US or Canada in very cold climate. 
For details contact Mark Albert, Heliotrope General 619-460-3930 


UNRESTORED AND NEW OLD WINDCHARGERS: Hebco, 
Jacobs, Winchargers, Winpower, Paris-Dunn, Ruralite. Props, 
towers and stubs, 32V motors, control panels, parts many 6V, 
cheap. All must sell. SASE please. W. Brawner 6420 Sloan, KC, 
KS 66104, 913-334-4486 


PRESCOTT AZ SOLAR HOME on private airstrip for sale. HH 
Ranch HC30 Box 890 Prescott AZ 86301 602-776-9670 


FOR SALE - 62A., remote, 1/4 mi. to black top, creek frontage, fire 
wood, 3A garden space, prime location, 2 mi. to W. Liberty KY. 
Ideal for earth house. $25,000. 606-522-4514 


SINCE 1981 THE PV NETWORK NEWS 


The PV Network News is a solar electric and DC systems users newsletter. Our 88/89 Resource 
Issue lists 550+ books, catalogs, magazines, newsletters, dealers, mail order shops and 


manufacturers of PVs & related equipment for $6. 
PV PLACES A 2 HOUR VHS VIDEO 
visiting PV installations in the west, water pumping, houses (including a utility disconnect) 
RVs, offices and studios. Not broadcast quality. $42.50 Postpaid 
THE PV NETWORK NEWS 
Rt. 10, Box 86 PV-P, Santa Fe, NM 87501 ¢ (505) 473-1067 


Index to Advertisers 


Alternative Energy Engineering - 2 
Alternative Power & Light - 24 
Backwood's Solar Electric - 22 
Bobier Electronics - 20 

Carlson Communications - 36 
Echo Energy Products - 37 
Electron Connection - 48 
Energy Depot - 8 

Energy Systems & Design - 37 
Ent Saw Shop - 23 

Flowlight Solar Power - 8 & 16 
Heliotrope General - 14 

Home Power Magazine - 44 
Hydrocap Corp. - 23 

Kyocera America - 31 

Lake Michigan Wind & Sun - 20 
Northern Alternate Power Systems - 36 
Pacific West Supply - 31 
Photocomm - 24 

Real Goods Trading Co.- 4&5 
Specialty Concepts Inc. SCI - 23 
Snowbelt Solar - 29 

Solarjack - 24 

Southwest Windpower - 16 
SunAmp Power Co. - 37 
Sunnyside Solar - 23 

Suntools - 29 

Trace Engineering - 12 
Webbeking - 39 

Yellow Jacket Solar - 11 
Zomeworks - 16 
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Home Power Mercantile 


HARRIS HYDROELECTRIC SYSTEMS 


High Quality Water Powered Battery Charger 
from $595. * Free Sizing Information 


632 Swanton Road, Davenport, CA 95017 


Site Evaluations « Installations 
INDEPENDENT POWER & LIGHT 


PV & Hydro Systems, Winco Generators, Sun Frost, Trace, Trojan, 
Kyocera,& Essex Multi-fuel Boilers 
RR1, Box 3054, Hyde Park, VT 05655 « 802-888-7194 


Solar Retrofit Consortium 
Specialists in 12 VDC Systems Worldwide 


¢ Fluorescent Lighting * Pumps ¢ Refrigerators * PV Panels * Batteriese Fans 
Catalog $5, deduct $10 from Ist order. No Minimum Catalog in Spanish 


200 East 71 sf Street 
New York, NY 10021-5138 USA ¢ 212-517-3580 


SPECIALISTS IN HOME & OFFICE PV APPLICATIONS 
Systems - Components - Appliances - Business Machines - Telephones 
Consulting - Design - Site Analysis - Training 
SOLAR ELECTRIC TECHNOLOGIES 
Phone (501) 651-7181 * FAX 501-651-7681 
Box 130, Hwy 59 South, Hodgen, OK 74939 
Wholly owned subsidiary of B&M Distributing 


Energy Efficient Refrigeration. 
Most models powered by less than 3 PV Panels, 12 or 24 VDC 
“Things that Work!" tested by Home Power 
Sun Frost 
POB 1101, Dept. HP, Arcata, CA 95521 * 707-822-9095. 


Sunrise Coffee 
True Solar Energy for your Cup! 
| custom roast the finest class coffees to the peak of perfection. 


Types to choose from: French, Columbian, Kenyen, Sumatra, Guatemalan, Panama, 
Mexican, Costa Rican, Viennese, Sunset Rose, Fire Mountain and may more. 


Five pounds of your choice, roasted the way you want it for $32.50 postpaid. 
Sunrise Coffee Company 
POB 319, Port Townsend, WA 98368 * 206-385-4117 


SUNWATT F-2A SOLAR BATTERY CHARGER 


RECHARGES 3C, 2D or up to 6AA cells at one time. 
$24.95 including postage. 
Other photovoltaic modules for 6 & 12 V systems 
To order or for more information write or call 
SunWatt Corp. 
RFD Box 751H, Addison, ME 04606 « 207-497-2204 


HIDEAWAY FOR THE ADVERTURESOME 


ALL SOLAR COTTAGE 
LUBBERS QUARTERS, ABACO, BAHAMAS 


$300. a week 


RETREAT 
311 W. Waverly, Goshen, IN 46526 © 219-533-8262 


PHOTOCOMM ENERGY SYSTEMS 
Oregon's Largest Stock of Alternative Energy Equipment 
Visit our store Mon. - Fri. 9 am to 3 pm 
or Write or Call for free brochure 
PHOTOCOMM 
120 S. Redwood Hwy. P.O. Box 329, Cave Junction, OR 97523 
Phone (503) 592-4857 FAX (503) 592-4303 


WIND POWERED GENERATORS! 
1 KW, 9FT Propeller, only $1200 
5 KW, 16.5 FT Propeller, only $4800 
Direct drive, permanent magnet alternator, maintenance-free, 
all voltages, fold-over tower plans. 
World Power Technologies, 19 Lake Ave., N. Duluth, MN 55802. 
Phone 218-722-1492, Fax 218-727-6888 


TOTALIZING AMPERE-HOUR METER 


Measures cumulative current production or consumption. 
Runs on 12 to 48 VDC « 1% Accuracy « Precision 0.25% shunt included » Low power 
consumption * One Year Warranty * "Things that Work!" HP#11 
Price Postpaid: $215 (US) * $260 (Canadian) 

Specify shunt size: 15A- 20A- 25A- 30A- 50A- 60A- 75A- 100A. other sizes extra. 
APPROPRIATE ENERGY SYSTEMS 
Box 1270, Chase, BC VOE1M0 CANADA «* (604) 679-8350 


3% TRACE INVERTERS & ARCO PANELS IN STOCK 
3% COMPLETE PV SYSTEMS FOR HOMES AND RVS 
3% DHW & POOL SOLAR HEATING SYSTEMS 
SOLARMETRICS, INC. 
140 BOUCHARD STREET, MANCHESTER, NH 13013 
1-800-645-3512 = IN NH 603-668-3216 


ELECTRIC GARDEN TRACTORS/MOWERS & ACCESSORIES 


COMPLETE PV & WIND SYSTEMS 
COMPOSTING TOILETS, SOLAR WATER HEATERS, 


DC MOTORS, PUMPS, GRAIN MILLS 
Used Wind Generators, Parts, Towers. * Catalog $3. 


KANSAS WIND POWER 
R1-HP, HOLTON, KS 66436 * 913-364-4407 


KNOWLEDGE IS POWER 


photovoltaics how-to books from 
aatec publications 


write or call for free brochure 
aatec publs. box 7119, ann arbor, mi 48107 * 313-995-1470 
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Put your favorite head into a 


HOME 
POWER 
T-SHIRT 


High Quality, All Cottom, Heavy-Duty, T-Shirts with the words 
HOME POWER and our Logo on the front. 


Electric blue t-shirt with sun yellow logo 
$14. shipped First Class anywhere in the known Universe 
Please Specify size (S,M, L or XL). Allow 8 weeks for delivery. 


: Home Power Magazine, POB 130, Hornbrook, CA 96044 


you are holding it in your hand at this very moment. Thanks, the HP Crew. 


Small Print: Sure HP makes a buck or two on this deal. Ya want to know where the money goes, well, 


As of the April/May 1990 issue (#16) 

Home Power Magazine 
will be charging a subscription of $6. per year for 
6 issues via Third Class U.S. Mail. 


see page 6 for more info 


: Bulk Rate 
see eas Magazine U.S. Postage Paid 
Permit #5 


Be Joyo us! Pignbrae ke Ceres Hornbrook, CA 96044 


We wish you a happy/merry Winter Solstice, Christmas, 
Chanukah, and/or New Year. May the next year bring 
you happiness, good cheer and many joys. 


ELECTRON CONNECTION LTD. 


POB 442 
= MEDFORD, OR 97501 
916-475-3179 


THE FOLKS THAT BRING YOU HOME POWER! 


